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Application No. 10/088,524 

Reply to Office Action of February 24, 2004 

REMARKS/ARGUMENTS 

Claims 13-40 are pending. Claims 33 and 34 have been allowed. Claims 13-16, 22, 

29 and 30 have been amended to refer to alpha-glycated peptides or oxidases reactive with 

alpha-glycated peptides. Claim 19 has been further limited to alpha-glycated dipeptides, 

which are described in the specification on page 4, line 6. Other editorial revisions have been 

made for clarity. Accordingly, the Applicants do not believe that any new matter has been 

added. 

The Applicants thank Examiner Leary for the courteous and helpful interview of May 
11, 2004. The differences between the method of the present invention, which is now 
directed to a method for assaying an a-glycated peptide using (2) an oxidase which reacts 
with a-g lycated peptides and prior art methods which do not suggest a method for assaying 
an alpha-glycated peptide were discussed. The Applicants were encouraged to further 
elaborate on the differences between the oxidases of the invention and the FLOD-S oxidase 
disclosed by Yonehara , col. 4. These comments are presented below. Accordingly, 
favorable consideration is now requested. 

Rejection— 35 U.S.C. 102(b) 

Claims 1, 6, 8 and 9 were rejected under 35 U.S.C. 102(b) as being anticipated by, or 
in the alternatively, under 35 U.S.C. 103(a) as being unpatentable over Yonehara et aL , U.S. 
Patent No. 5,985,591. 

Initially, the Applicants reiterate their argument that the cited prior art does not 
disclose or suggest an oxidase which reacts with glycated peptides. Conventional amino acid 
oxidases which deglycosylate glycated amino acids were not disclosed as having any activity 
on glycated peptides. This is further highlighted by a subsequently published scientific 
article: Hirokawa et al. (2003, attached) which discloses "Frustosyl amino acid oxidase 
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(FAOX) or amadoriase, catalyzes the oxidative deglycation of glycated amino acids to 
produce the corresponding amino acids" (page 104, bottom of col. 1), but that "the FAOX's 
characterized previously could not be applied to the enzymatic determination of HbAlc, 
since they did not have activity toward fructosyl peptides" (page 104, bottom of col. 2). 
Thus, while several proteases are disclosed by Hirokawa as liberating fructosyl peptides from 
HbAlc, these could not be assayed using conventional fructosyl amino acid oxidases. Based 
on the disclosure of Hirokawa , the Applicants submit that if fructosyl amino acid oxidases 
which react with fructosyl peptides were not known in 2003, then they also were not known 
in 2000, when the present application was filed. 

Similarly, the conventional frucotsyl amino acid oxidases (FAODs) disclosed by 
Yonehara et aL , col. 3, lines 49-65, e.g., oxidases (l)-(6) and "FLOD-S" (col. 4, lines 54-56) 
are only disclosed as reacting with glycated amino acids . However, the present claims are 
directed to a method which uses an oxidase that reacts with an a-glvcated peptide . Yonehara 
does not disclose with sufficient specificity nor suggest a method using an oxidase which 
reacts with an a- glycated peptide . 

To anticipate an invention, the prior art must allow one to immediately envisage the 
invention or disclose the invention with sufficient specificity. Moreover, to establish 
anticipation regarding an alleged inherent characteristic, the Office must provide evidence 
that makes clear that the missing descriptive matter is necessarily present, Continental Can 
Co. USA v. Monsanto Co. . 20 USPQ2d 1746, 1749 (Fed. Cir. 1991); MPEP 2131.02 (III). 
Assuming arguendo, that some of the FAODs disclosed by Yonehara et al. inherently have 
some degree of activity on glycated peptides, one would not have immediately envisaged an 
assay method for glycated peptides involving these oxidases, because there is no disclosure or 
suggestion in Yonehara for such a method. Thus, Yonehara could not have disclosed the 
claimed invention with sufficient specificity to rise to anticipation, nor suggest the invention 
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for purposes of obviousness. Moreover, the Office has presented no evidence that the 
oxidases of Yonehara necessarily have any activity on glycated peptides. Accordingly, the 
Applicants respectfully request that this rejection now be withdrawn for the reasons set forth 
above. 

To further distinguish the claimed methods from Yonehara, the claims are now 
directed to methods involving a-glycated peptides using an oxidase which reacts with 
glycated peptides. In an a- glycated peptide the a-amino group of the amino acid residue at 
the amino terminal of the peptide has been glycated. Yonehara does not disclose with 
sufficient specificity, nor suggest, a method for assaying for the presence of an a-glycated 
peptide or a method which uses an oxidase which reacts with a-glycated peptides. 

The oxidase of the present invention reacts with an a-glycated peptide. As discussed 
above, at the time of filling of the present application, oxidases known to react with glycated 
peptides or polypeptides were unknown. For example, the conventional fructosyl amino acid 
oxidase ("FAOD") derived from the genus Corynebacterium does not react therewith. This 
conventional FAOD is included in oxidases as exemplified in Yonehara et al. (column 3, 
lines 49-65). Yonehara et al. also describe that "FLOD-S," described in Publication of 
Japanese Patent Application (Tokkai Hei) No. 7-289253, was used as FAOD in the Examples 
thereof, and that FLOD-S specifically effects fructosyl lysine and fructosyl -N'-2-lysine 
("FNZ") (see column 4, lines 54-62). FLOD-S is further described by Sakai, Y. et al., Biosci. 
Biotech. Biochem., 59(3), 487-491 (1995). Sakai was written by some of the inventors of 
Japanese Patent Application (Tokkai Hei) No. 7-289253 cited in col. 4, line 56, of Yonehara . 
A FLOD described in Sakai. Y . et al. and the FLOD-S are both derived from Fusarium 
oxysporum S-1F4. Therefore, the FLOD-S is identical to the FLOD described in Sakai, Y. et 
aL In Sakai, Y . et al., the following matters are described: FLOD (which is identical to the 
FLOD-S) showed low activity against fructosyl valine; FLOD had activity against N e - 



9 



Application No. 10/088,524 

Reply to Office Action of February 24, 2004 

fhictosyl-N a -Z-lysine(e-FL) and N a -fructosyl-N £ -Z-lysine(a-FL), but the Km (Michaelis 
constant) was lower for e-FL than for a-FL. Sakai concludes on page 491, first column that 
FLOD seems to recognize glycation in the e-amino group (see Sakai, Y. et aL , page 489, right 
column, "Substrate specificity" paragraph, and page 491, left column, lines 2-7). Therefore, 
it appears that the glycated peptide described in Yonehara et aL is the glycated peptide in 
which the e-amino group of lysine residue has been glycated. Thus, Yonehara et al. does not 
disclose or suggest selection of oxidases which react with an a-glycated peptide. 

Moreover, the methods exemplified by Yonehara et al. use glycated peptides 
glycosylated at internal lysine residues. Serum is mainly composed of albumin and globulin. 
Generally, it is known that albumin and globulin are glycosylated at lysine residues inside the 
proteins; see e.g., Iberg. N. and Fluckigen R.. J. , Biol. Chem., 261, 13542-13545 (1986, 
attached). Accordingly, the Applicants respectfully request that this rejection be withdrawn. 

Allowable Subject Matter 
The Applicants thank Examiner Leary for indicating that Claims 33 and 34 are 
allowed and that the subject matter of Claims 18, 21, 23-28, 30, 36 and 37 is otherwise in 
condition for allowance. 
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CONCLUSION 

In view of the above amendments and remarks, the Applicants respectfully submit 
that this application is now in condition for allowance. Early notification to that effect is 
earnestly solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
Customer Number Norman F. Oblor 

22850 %^ C 

Thomas M. Cunningham 
Tel: (703) 413-3000 Registration No. 45,394 

Fax: (703)413-2220 
(OSMMN 08/03) 
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Abstract 

Fructosyl peptide oxidases, enzymes that are active against a model compound of glycated hemoglobin, jv- fructosyl valyV 
hi eta dine, were characterized. To identify the primary structure of fraetoayl peptide oxidases, we have prepared cDNA libraries from 
EuptnicdliMm umnum ATCCI8547 and Omloctouta Sp- J lie coding re^oos, both funcal fructosyl peptide oxidase* 

consisting of 1314-bp, verc obtained with degenerated primers based on -the amino add sequences and specific primers by 3' aod 5' 
RACE (i#*pdd wnplificatlou ofcDNA ends). By their sequence ^ferities and substrate specificities, fructo*}) peptide oxidases and 
their bcroologs could be categorized into two groups (A) enzymes that preferably oxidize e>g)yeated molecules and (6) enzyroes that 
preferably oxidize £ -glycated molecules. We showed Out recombinant fructosyl peptide oxidases could be used to detect protcaso- 
rrrfllftd fnictosyl-hexapeptide. a glycated peptide that is released firem HoA IC by eDdoprotCinaSe Ghi-Q su£EeStin* these enzymes 
Wtild be useful for the enzymatic roeasureraent of HbA, c . 
© 2003 Ebevier Inc. AH rights fAcarvad. 

of HbAic; EupemaUhon terrrmurt, Caniodtacta Sp. 



GJ/catioD is the rjon-enryxaatic reaction by which 
AxaadoH cowpouudi are produced from, reducing sug- 
ars, such as glucose, and an axnioe. In vivo, the levels of 
glycated blood proteins reflect the level of glucose, since 
blood protcwa, such as hemoglobin and albumin, are 
readily glycated by g)uw» at ihcdr amino group* Il>2], 
For dinjcaJ diagnosis, the development of a selective 
and sensitive method for the measurement of glycated 
hemoglobin (HbAjc) *nd albuuiin is of considerable 
importance. HbAjc is glycated at the N-texminal valine 
residue of the p-subunit {3] y while the glycated sites of 
albumin are the internal lysine residues of the protein. 
Therefore, isr-fructosyl valine (Fru-Val) and N*- 
fructosyl lysine (eFru-Lys) were applied as model 
compounds of HbAjc and glycated albumin and aa 
extensive search was carried out to raid an enzyme that 
shows specificity for such fructosyl an>ioo acids. 

Fructosyl ammo acid oxidase (FA OX), or amadod- 
ase, catalyzes the oxidative degjycation of glycated 



* Corresponding autnor.Jax: +51-4-7X23^5.550. 

Ertnoil eddresst ld>frotoiva®mfliI .leiVVetpan.co.jp (JC. Hiroterwa). 

0006-29 IX/5 - sec frost matter © 2003 Bsevier Inc. All right* reserved. 
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amino acids to produce the correspondtag ammo acids, 
glucosone, and hydrogen peroxide [4]. FAOXs have 
been isolated &om Corynebacteruar. sp., Agrobacterium 
Sp., Aspergillus Sp-, P^rtieiUaan sp., and Fvsnrium sp. 
[4-7]. We have shown that the bacterial FAOXe char* 
acterized to date are dL<rinr> from cokaryorJc FAOXs. 
based on sequence comparisons and substrate specifici- 
ties [$]< Bacterial FAOXs had sequence similarity with 
an opme»cataboii2ing enzyme in A grobucicrutm and 
were active against Fru-Val f£,9]. Substrate specificities 
of eiikafyoticTA OXs "have also been determined and it 
was found that eFru-Lys and fructosyl propylamine are 
good substrates for FAOXs from Fusarhim sp., Asper* 
giUus sp., and Fichu* sp. [10-12J. 

To develop enzymaiic determination of HbAjc, we 
have found several proteases chat could efficiently lib- 
erate fructosyl peptides from HbA, c (our unpublished 
result). However, the FAOXs characterized previously 
could not bo applied 'to the enzymatic detexmmatfoo. of 
HbAjCr since they did nol have activity toward fructosyl 
peptides. Therefore, the primary aim of our study was to 
find a novel fructosyl peprjde oxidase (FPOX) that is 
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active against fnjctosyl peptide ^nd that could be ap- 
plied to ihe jneasurerneni of HbA: C - Previously, we 
screened a ftmgal culture collection for FPOX uajng 
V-fYuCiQsyl valyl-histidine (Fru-ValHis) as a substrate. 
We found thai the cell extracts of eight genera, -4crw«. 
iomUlla, JCtotet<Wiium m CfluetQfniujn, CowochaetO, 
EupenfcrWunu Gcl^uspor^ Micttotscus, and Thietauu, 
Showed FPOX activity 113]. In the present study* we 
purified and characterized two FPOXs; one from 
EupenhiMum terrenum ATCC1 8:547 and one from 
Cfanforitfrra $P- NISL9330. Both cntyum have high 
activity toward Fru-Val and Fru-ValHi* however they 
differed in specificity toward cFru-Lys. cDNA codtrjg 
for FPOX was cloned from the eDNA library of 
and Caniochaetu sp. Primary structures 
were compared to those of known FAOXs in order 
io elucidate the relationship between the catalytic 
properties and me protein structure. 



Materials and methods 

jtfatwrluh 

A^-Ethy3'^-(2-hT<lrOxy-J-* , uir<»propyl>3*m«ttoylanniiit. sodium sah 
(TOOS) w« purchased from Dojndo Laboratories, Japan, and 
horseradish peroxidase was Troni Kikkoman, Japan. Fru-vaiM Is and 
fructosyl amino acids wcre.preparcd a* de**ibed previously [4J. 

MrtliQd* 

Avmy ef rPOX activity. FPOX activity was measured spwtfc- 
pnotoniarically at 37*C wiih ib* pcrcwde^coupled rwtfo* *y««A, 
described wvfousJy 18]. The standard reaction mixture* contained 
ai M pct^ phoaphmo. P * *A 0.5 mM TOOS. 900U/J I Afpar- 
oxidasC<M5mM of 4^mlnc*nilpyrine. nod 2<>r«M Fru-valH* m* 
final volume or 3ml. One unit or ensyme ueiivity vas defined *x the 
amount of cnxyrae unit produced O-Surnoi of quinOneirctnC dy* per 
rnhmtc at 37 °C. . 

Pnpaweitm <tf cell extracts end purification of r POX. £ urrvwm 
ATCC 1*547 was grown aerobically at 2**C for 96 l» in 6 L of medium 
(0. 1 £ of yeast extract. 0.1 z of mali eatract. 0.1 g of KH 2 P<>4. and 
Q.Q5 g of M(?S0 4 in 100 ml. pH 7 J). Washed mycelni were impended m 
TEO boRer (IOmM Tds-HCl buffer, pH 8A contuirurttf l.CmM 
EDTA -rtd 1.0V* rJwq)) and disrupted by a French press. The bo- 
mogcnalc w*» KfiVfoeod at W00« fvr 30min to r«nov« wcvec'Ji 
ccd debrb. Ammoomro 3 ulf«u* wa. *dd«5 to abo^ ^P^"»" 
taat to 40% saturation And then tbe preripiut* formed was pelleted by 
ccolrifuxaiioii at 13,000$ for lOmin. Tbc supernatant to wnten onv 
moaium sntfate vaa added to o0% e»iuraik>n waa ccmrifuced at 
I5,00Cy for lOmin. The resultant precioilaic was dissolved ia TCO 
buffer and cTiaJyred. The diftlyzed enzyme solution was applied to an 
Uluogd ACA34 (IBF BlotcchnicK, France) cquiUbrated "ilh T£Q 
buffer Gel filiralion cbronnalography wj 5 carried Out with the arnae 
butter. The sarve fractions were coJ.ccird uod dialjiev, a«a. 
plied to a Q Sepaaroae PF column (Amcrsham Bioscience) equil»- 
brated wltl) TEO buffer. The absorbed proidu was doted wiih a linear 
WaCi sradicni (O-0-5M). The uctNc fractions were oolketcd and dui- 
lyzed by ultrafiltration, aod then applied to a Porn* R3/M column 
(PerSemive Biosyrtcms, Japan) ecuitibroicd with TEC buflcf con. 
loining 2.0M ummonium wlfate- The absorbed nro«« n ™ % e ^ 
wib t linear gradient of ammonium sulfate {2-0-0 M) tn TEG bO0<r. 



The specific activity of the norifiad preparation v«i 3.6U/mfi. Purifi- 
cation Of FPOX from CvnkM harw sp. N1SL M)0 was rairied out « 
described prcviooaly \\\\ 

Protein mtthofa Protein wus measqreo with a B«-Ra<t proiem 
assay kil. »sin£ bovine serum albumin ns a standard. Tbe moleculir 
nvw ef voch pdrirwd enstyro wax ddcrroined by tt\ fiHralien duo- 
ma;oaraphy on a O300O3WXL column <7.S amn0 x iOcro: Tosoi, 
jKpaji) equSUbntted with 2d -nM poiasslum phesphite. pH 8.0. ooa- 
taioinfl S^. niytt' 01 flnfl 0.1 5 M NaO. Olutamaie dehydrogenase, 
Uicuiie dehydroscnasc. cnohSo. myokinase. and cytochrome c were 
used as molecular standards. The molecular of Uie »uhnn,t 

were flcterndaed vy ^O^-^aE. Ti^c pwitled FPO?<s from two fU^gl 
were partially digested with trypsin or cndopro;cinasc Lys-C (Bocae 
Diagnostic*. Japuo). procewed with ABJ mA MiwoBJoiw system 
(Applied Dios>*tcrn5. JopnA). and then Woiwd onto a PVDF mem- 
brane. The amino ncwl sequtnee of the peptide in each spot w*< efc. 
termiilcd >y Edroan's mcibcd with a j>rotdn sequencer <App»ws 
Diosy^tcma model 476 A). 

JtMrf *nJ revere i r tmxctip1aj**t\vtliot*<l PC ft Total RNA 

»waS Uolivod from £ f*/««Jim and Conini*nrtti Sp. USlng Isogen 
<Wako, Jbpojl), c«P?n*l»ny a«cordi»s ihe nninuracturcr's inSlTUC* 
liont. CDNA libmri« u^rt lynthcsittd from the total RNA with 
olijtcKdT) primers and Avian- M yalobiastosiK virwt revense trawscrip- 
tase (Takara, Japtn). Oeg^raic HCR oJifconudemides were dest«»fd 
using the peptide sequences Ecneraied from ine Edmnn degradauwj 
reodions tSy using the cDNA library of EupenutUiium alonfi with the 
y-degenemted primer (primer 1, Table 3) and 3'-Cc«eueraTed primer 
(primer 2). s ftajtmcnt of BupentcMi*** FPOX cDNA w« obtaiocd by 
dctenerated PClft. Similarly, a frafinietii of C<mm*tete>* TPOX cDNA 
oblr-ined usiDfl the cONA library of Coiriochcctv with the S'-de- 
fipiuu-ated pnW (prirm f 3) and y^generated primer (primer 4) by 
doscnerated PCR> 

3' <<t k/ ^ A^CJC Specific pmwn were *y«thcsaed lor 3 and - 
K ACE an the back o' partial nucleotide sequence of Evp*nicUttWi 
and Conioehtntu eDNAs. For V RACE of KupatkUtiam FPOX 
cDNA, 3* K ACB primor (primer Sj and o!i£o(cT)-«daptcx primer 
CTaUra. Jaj«n) weiy used. Por Sf RACE of EupenMVJvm 1TOX 
cOMA. the y-F"" RACE core set (Takara, Jupun) was used wi0> the 
anchor primer iprimer 0). 1st prtrner pairs (primer* 7, 8>, and 2nd 
primer pairs (primers 9, 10». Similarly, ? KACE pr*^ Cprimtr 1i) 
and oll^oidD-odiipisr primer wens used for 3* RACE of Ca*iochari« 
FPOX cDNA. The anchor primer (primer 12), In pnmer jww* 
(prtrrtcra ".d 2nd pr.rocr pairs (primers : 5» 1 6) were used fbi 5* 

RACE of ConhcUoaht FPOX cDNA. 

PCF umpb$catitM. The £uptma/fium and CwtUrtiwaa cDNAa 
wore addoo* to ihe reaction mixiurfc as a tconplirte for PCR (2.5 wM 
MfeQi. JO pmpl ofprimere. PCR b».flfcr, »«] 2.5U of T<rtJ polymerase). 
Amptt^catiun consisted of deoaturatiun a\ 94 -c fer 2 min r followed by 
30 cycles of denaturaUon atS4 g C Tor 30s, cinncaliaa at 00*C for !Ws, 
and extension at 11 »C for 90a. 

Ctn*i»?t oj PCR prftstuei* PCR products v.*ere enalv^d by aire 
iTOphorcsis on h 1% ajjaroie f^l (TaVara. Japan J. They were closed 
into a iraeafi2ed pT7Blue T-vecior (Novnicn. UK) and subaeq^Ptly 
introduced Into Eschrrfcbio <oti JM109 cells. Recombir»nt p)*»mids 
were selected by blue white selection and scqacoeed uxia^ the CEQ 
2000XL DNA Analysiv System and CEQ Dye Terminator Cycle 
Scquwua kit (Beclcman Coulter, USA). 

Sublimits M WOX genejr. For the ampliflcanon of the cod tug 
region of tae PTOX-E immcripj. bo upstream primer (primer 1 7) end 
a dowrvrtnmm primer (princr 18). corresponding to the amino acid 
ecquopcc* of tfee hi- *»d Coerxainal rcyon^ of FPOX-E, were used. 
PCR- was carried our ii> 50 pi of a reaction riuXlurc containing 50pmol 
of sach prtmcr, )20mM Tris-HO, pH $.0, 1.0 mM MgCI,. lOraM 
KC3. 6mM (NH 4 )iSO«. O.r/oTrilon X-100. and 0.2 n»M dNTP. Thirty 
O-dcs (9«*C for 15s. 65*C Tor Is. ane 74 J C fox Ms) of PCR were 
perferTftcd usinu 2.5 V OT KO£> polvmerase CToyobo. ;*pan). The 
amplified fracment w*.« purincd by a E arose pel elcotropr^i «^ a.kI 
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marled inte :hc ■Jawl silC Of DUC1V frakara, Japan). giving pUC 
EFP. In s similar v/ay. Cp«W«»wFPOX cDNA wm inserted into Ok 
£mK1 site of PICK223-3 (Amenihiuo Pharmacia B>ot«fc) an 
unftiitam primer (primer I9j and a downstream primer (pritner S0>. 
Kivinfi pKK-CFP. Sequence analysis of Hie inserted region wa* carried 
oui by the dideoxy chain termination method. 

Expression W purifcuiNHi of nxwr&hwu fPOX-E end -C. Tbc 
plasmtd currying the cDNA of FPOX-E or -C wna imraduccd Imo ff. 
fo/r JM109 cdb and the iraiisfnrmanta wet cultured In 10 L of LB 
inednnn containing 50ng''jnl aiiipicilUa and I r»M propyl- fJ.D-1 h>- 
ojaUctopymmnade flPTG). Then, the wile ware hu/ve«i<y! by ccniri- 
fupiiion und FPOX*E or-C wos purified by the on» prac/alum uitd 
lor native FpO#s from fungi cells. 

Bizynratk; meajurcmdai cj $!ycntett peptide /V'-fruetOSyJ Vnl-lliS- 
L»u-Tnr-Pro-C71v> (Fni-hcxnpentiUe: Peptide Institute. Japaa) dis- 
solved in water ui several coocem onions wus used as Ibe standard 
solution. Five nitCTOllie/s of ihe sinndanJ sohnfon and UtA of Axpin 
xiUuA oryzae prole* jc <20m^iou Kifcuoman. J«p*n; In 50 mM potas- 
sium phosphate buffer <pH d$) were incubjiicd a l 37 «C for 2h. After 
beat inaciivation (90 *C. Jmln>. )40pi of region mur.wrc w» s »dJ«J, 
incubalJOn *as continued Ri 30 *C fen 20ifluK and ibe* tKc abnorbunc* 
of the solution at J £5 run was measured. The reaction mixture con- 
tained 0.1 M pola»ium phosphate pH 8.0. 0.5 mM TOOS. 900 U/L 
perojeidase, OASmM 4-armnOiiJiupyrine. and Oi Ufml FPOX-E or *C 
in » fiwal volume of \50^. In wkliticn, bitCttriftl FAOX (Kikkoman, 
J^pan) and fpngwJ PA OX (ketoamirw oxidase: A sahi Kasei. J»»pan> 
were uwd for the contrvl c*p«riro«ius. 



Results 

Purification of FPOXs from R lerrcmtm and Coniochacta 

FPOX was purified from the call extract of E, tcrre- 
num with Fru-ValHis (Table 1). The purified FPOX from 
& terrenum (FPOX-E) has a specific activity of3.6 U/mg 
for the substrate Fru-ValHis. FPOX from Coniadiueta 
sp. (FPOX-Q was also purified froir. toe eejl extract by a 
similar process and $i« specific aniviiy was 24 U/m«. The 
molecular mass of the enzyme subunii was estimated by 
SDS-FAGE 10 be 50,000 for FPOX^E and 52»000 for 
FPOX-C. C3000SWXL trel fiJtnitioTi showed that ibe 
molecular mass of the protein was 50.000 for FPOX-E 
and 60,000 for FPOX-C. From these results, the enzymes 
were considered to be mcnomcric. 

Molecular cloning of FPOX cDNAs from £. tevrcnum 
and CanicchaetQ sp. 

Peptide sequences thut were identified from the pro* 
lease digestloo of purified FPOX-E and -C are presented 



Tabic 2 

Peptide aoqveneos from the protease digest too of FPQX-E a»sd -C 



Pepiide 




Amino aciJ aeqvence 


FPOX-E 


Sccj 1 


TNVWLESV. 




Seq2 






Scq3 


PTDTYr 




Seq-4 


NFILA 




Scq 5 


LPNIO 




Scqo 


DLAEMPQW 


FPOX-C 


Scq 1 


TI1AWLONEOHIL 




SCO 2 






scq? 


DKELFNR 




Seu4 


NF1LATG DSGHSF 




Scq 5 


MWE1JEGRLPEEMAVQWR 




Seq« 


APPKDLADMPOwiCit 



In Tnhle 2. To initiate the clonbg of FFOX-E, a PCR 
approach was taken {see "Materials and methods'*), 
which resulted in the generation of 8 924-bp PCR 
product. Several of the peptfcles identified from the 
peptide sequencing were found encoded in the 924-bp 
produce, tndioiifng that a partial cDNA encoding the 
FPOX-E had been obtained. Based on the partial cDNA 
for FPOX-E, several primer pairs were designed and 
used in 3' and 5' RACE to obtain sufficient amounts of 
specific PCR product* for sequencins* The sequences of 
the y and 5' RACE fragments were connected to the 
924-bp product by overlap to deduce the full length of 
the cDNA for FFOX-Er The sequence was 1314-bp long 
from the start codon (ATG) to the stop codou (TOA), 
which encodes a 437 amino acid polypeptide. (Fig. 5). 
The cDNA clone or FPOX-C was obtained using es- 
sentially ■ the same method. The cDNA consisted of 
J 3 Id-bp, which was of the same length as that of Ev- 
penicitlivm cONA. The deduced ammo acid sequence of 
FPOX-C showed 70% identity with that of FPOX-E 
(Fig. 5). The cDNA sequences of FPOX-E and FPOX-C 
have been submitted to the DDBJ Nucleotide Sequence 
Database (Accession Nos. Afcl 16146 and AB116J47, 
respectively). 

Expression of FPOX cDNAs in E. coli 

The ptesmid carrying FPOX-E ox FPOX-C cDNA 
was introduced into JE coii JM109. The cells were die* 
rupted and the extracts were assayed for FPOX activity 
using Fru-ValHis as a substrate. JM109 [pUC-EFP] and 
JMI09 [pKK-CFP] showed FPOX activity, white 



Table 1 

Summary of iae purification Of FPOX from EuptfiiaVium iarrautm ATCC J&547 



Toial activity (Uj T*tt»J protein (mft) Specific acUvitY (UAnl) PuHfiteiioo (fold) Yietd W 



Ce0-fr«« «»tr»ot 0.765 

Amrnoniam sulfate (40-60% sat.) 0.780 

Ultro B tJ \cA3A C^CV 

Q Sopharot* FF 0.507 

POROS PB 0.0612 



2 PS 
71.* 
6.69 
a)78 
0.UI7 



0.00257 

00109 

0.0961 

2SS 

3.59 



1 

1 100 
1400 



100 

i no 

84 

« 
a 
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pri mi ffi oced polymeras e ch»in rclkfliOfti 

()) FVOX-E 

(2) FPOX-F- 

(3) r'POX-C 

(4) FPOX-C 

(5) FPOX-E 

(6) ppox-e 

(7) 7POX-E 
t'C) rTOX-E 
(*) FPOX-E 

<K» FPOX-E 
<H) FPOX-C 
<12) FPOX-C 
f 13) FPOX-C 

<M) kj*ox.c 

Oi) FPOX-C 
(16) FPOX-C 
<J7> FPOX-E 
(IS) FPOX-E 
(1?> FTOX-C 
(20 > FPOX-C 



forward 
reverse 
forward 
reverse 
3' RACE 

5' RACE *r>tf>or 
y RACE Iff forward 
5* RACE l»i rcvct« 
y RACE 2nd forward 

V RACE 2i>d revtrto 
3' R/\CE 

5' RACG unuhvi 

V RACE to forward 
y RACB Is: -averse 
5' RACE 3nd forward 

y race :no rover*o 
exprcwlOf) forwgrd 
expression reverse 
expression forward 
expression rtwrPC 



i'-ACNAAYOTNTGOCTNGAR-WSNG.^ 

5'-K CC ANCCN GGC A TYTCNGC- 3' , 

S'-TGGYTNOAYAAYOARGAYGAKAT.-r- 

5'-7TRAARTTRTGICCRA ARTCJCnGT. y 

5'-CATCCCACAGATACCTACCXT-3 f 

5'-TCCCGATGTTTGGCAACAGC-y 

S'-GTGCCTCTGG'TCTATO ATGGTG • 3' 

5'-CTCCACGCACCAGCAGCCAAGACAACCTTO-3' 

5'- ATC A ACCGT ACGGGGCTG C A-^ 

S'-GATCGCATTGATAOCCrTGGC-y. 

y-CUCACAGACACT7ATCCAGA-3' 

y. aCTCAC CG GCOTCTT-3'. 

5'-AGATGGTACCAAATATTACGCTGACAAG-.T 
y-TTTACACCACOTTCTTTCAACAACTGT-.r 
3'- A AGOCTrOOCTGT ATG CTC AT ATTCA- 3' 

5'-tccttgtatttc<jt<:acgttgaaoca A -3' 
S'-GACAt^CcTCATTCGCCrroc*;AAGC-3' 
5'-C AAG AATCA CA AATGTGC ATCATCC-3' 
5'-ATGA CGTCGA ATCGTC? C A G ATA C- 3 ' 
y.T!AO\ATTTXX5CWTCATaTTTCCA7-J' 



JM109 (pTJCl9) and JMJ0& {pKK223-3J did not, im- 
plying thai both FPOXs were expressed in active forms 
in E. colL The EPOX activity in the cell extracts of 
JM109 ipUC-EFP) and JM10P [pKK-CFP] was 0.01 
and 4.7 Uftnl, respectively. 

Properties vf recmnbiwu FPOX m E 

The FPOXs from JM109 [pUOEFP) and JM109 
IpKK-CFPJ were purified from the ceil extract as de- 
scribed in Materials and methods. The purified prepa- 
rations showed single bands on SDS-PAGB, indicating 
an apparent homogeneity of the proLeins. The purified 
FPOX-E and FPOX-C had a specific activity of 5.43 
and 23.8U/nig of protein, respectively. The optimum 
pH for the enzyme activity of FPOX-E and FPOX-C 
was between 7.5 and 8.0 (Figs. 1 A and B). Both enzymes 
were most active between 30 and ^5°C (data sot 
shown). Incubation at 55 °C for lOmin resulted in 
cornpfetc in activation of both enzymes (Figs. 2 A and B). 
Enzyme activities were &reaUy reduced at pH values 
below 5,5 and above 9.5 (data not shown), in pK and 
temperature properties, the recombinant proteins ware 
indistinguishable to the native piotrtns purified from 
fungi. 

Svbstraze specificities of recombinant FPOXs 

To investigate the substrate specificity of FPOXs, the 
enzyme assay was performed with varying, concentra- 
lions of substrate, A typical Michaclis-Menten curve 
was obtained either when FPOX-E activity was mea- 
sured witjj Fiu-ValHis and Ffu-VaI (Fig. 3A) or when 
FPOX-C activity was measured with Fru-ValHis, Fru- 
VaU &fid eFru-Lys (Fig. 3B). Apparent AT„ values of 



A 




d 6 e 10 12 

PH 




A 6 6 10 12 

PH 



Fi^, I. Effect! Qf pH oo the activities Of FPOX-E (A) and FPOX-C (B) 
Enzyme activities ^erc measured in a standard reaction mix lure ih 
vorioos buffers lit lOOmM. tfuflerj: <&) acdaie: (Q) Mst-NaOH: (O 
phwphaic (#) Trl^-nO; *nC (■) Ches-NitOH. 
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Fie. 2. Thtmigswbilily or FP<>X-P£ <A) and FPOX-C (B).The *«iv*y 

remnioins was neaturcd ;lf)er ihc pu rifted c"*y»«C vntf incubated ill 
rOOmM pcrtnttiiim pJifKphi»:p hufr? (|>K R.O> a» *;iriov5 iem0*ratUTC$ 
fhr lOmin. 



FPOX-E were 2.76 mM for Fru-ValHis and 0.318 mM 
for Fru-V?J (Table 4), mdica ting high specificity toward 
Fiu-VaL FPOX-C was also active tcward eFru-Lys, 
although FPOX-E had quite low activity against aFru- 
Lys (Figs. 3A and B). Apparent K m vuluee of FPOX-C 
were 2.81 mM for Fru-ValHis, 0.824 mM for Fru-Val, 
and 10.6 mM for eFrv-Lys. indicating also high speci- 
ficity toward Fra-Yol (TabJe 4). 

Enzymatic measurement of glycated hexapcptkle 

HbA, c is measured with the (KN- terminal hcxa pep- 
tide (Fru-fceaapeptide), which is released by enzymatic 
cleavage of the intact glycated hemoglobin molecule 
with endoprotcinase GJu-C, using HPLC-F5I/MS or 
HPLC-CE [14). For the enzymatic determination of 
Fru-hexnpeptide* protease-trcated Fru-hexupeptide whs 
used as substrate for the FPOX reaction. As shown in 
Fig. 4, a linear relationship existed be l ween the con- 
centrations of protease- created Fru-hex a peptide and the 
sbsorbancc for FPOX reactions. A number of proteases 




10 i© 
Substrate <mW) 




FJg, Mlctiaeii»-M«n;icr. plrni* of FPOX-E iA) ami FPOX-C c»> for 
giyuitod raukcuksL Tbe plots obtained by lira Mfmdard rcac;ion 
of FPOXs wtih dt/Vcrcm LoiicoiLTH Lions of /V-frtxiosyl valine (O), 
yvMruaasyJ valyl-hialidine (•). and N*.fiuC,:0»>l ifilrtt {&). 



were tested in the reaction, and the Aspergillus protease 
was round to be one of the most effective for liberating 
substrate for FPOXs from Fru-bcx*pcptidc. SJpcc no 
absorbnnce was detected in the reaction of bacterial 
FAOX and fungal FAOX, FPOX activity toward 
fructosyl peptide was suggested to be indispensable for 
the enzymatic measurement of glycated hexapeptide. 

Sequence xfmlwrffy of FPOXs and FA OXi 

A sequence alignment of FPOXs with existing 
FAOXs and oilier related proteins is shown in Pi$. 5. 
The N-unninal AMP- binding motif, GxGxxG, and 
FAD attachment residue. Cys342 [1 5) t were conserved in 
all proteins. Among six FPOX homology FAOD-P and 
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FaoA showed striking similarity (70-85%) with FPOXs. 
On the Other hand, FAOD-A, Amadoriasc II, AmadO- 
riase 1, and JFXX>D showed low jervcis of similarity to 
FPOXs <3<M0%), and their sequences were very similar 
to each other (g5C%). From these result*, FPOXs and 
their homologs~could be divided into two groups, the 
upper and lower group* In Fig. S. This is reasonable 
given the substrate specificity of the enzymes, because 
the enzymes >n the upper group {inducting FPOXs) had 
a similarly high levd of activity against o>glycaicd 
molecvJes f e.gu, Fru-Val), while ifeose of the lower group 
had hich levels of specificity toward s-glycsitcrd mole- 
cules (e.g., el-ru-Lys) (Table 4). 



Discussion 

Recently we have screened for a novel fructosyl 
peptide oxidase, an enzyme that could be used for the 
measuremeDl of glycated hemoglobin levels in diabetic 
subjects with hyperglycemia [13]. Fructosyl peptide ox- 
idases have been found in strains of eight genera: 
Ach&cwmxclki, Achaetomrum, Chaetotnium, Coniocht* 
eia, EupeniciUium^ Gelaslnospora, MUroascuS, and 
Thtebmia. By using a purified FTOX from Actiaelomtella 
virescw, we have shown that Fru-ValHis was con- 
sumed and the same molar amount of valyl-histidine 
was produced by the FPOX reactiun [13]. The properties 
of the i-'VOXs characterized in this study are summa- 
rised in Table 4. FPOX-E and *C ah owed higher Speci- 
ficity toward Fru-Val than Fru-VaJWis, however the 
activity toward Fru-Val His is novel and particularly 
applicable to the enzymatic measurement of HbAic 
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FTOX-C 

FA0X-? 
FioA 

vsax-k 
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Fig. J. Multiple *«j\K0O7 piipimcnt of «kdtwed *mmo arid sequence* or FPOX-C, FPOX-E, Iheir fcomoJofS. ftmmo ackl regduoj conserved in 
9 i kasl tircc of the four sequences fc> CftCh group (upper, Fru-Vtu OXld*»tt lower. sFru-l.jm oxWwcs) arc shaded. Gaps (tadfcated by diwhc*) wete 
appropriately intvoduoad For optima) nJignroen!. The rftsiduea of iho AMP.blDdin£ mottfand FAD BltRchmem site of Cy* are marked by asterisks. 
FPOX-C FPOX from Cc*,k*r/:«^ *p-; FPOX-E. FPQX TTODl £ /r™?u/n: FAOA-P. FAOX from I'enlciniumJunTUi.ietiiim^ Fart A. FAOX from 
^»er$d/«jmV«W [1*1; fa<*X-A, FAOX fro« JtpfrgMux tcrrtux\b)t Amadorlujtc U. 1. Amndoriwe fro>» A*p*rtitl*sjfami&mis [1 I. J 5J; and FXOJ>, 
A*.fruelosy) lytin: o*idJbtel fittni FaMrrium oxjnparum JFO 9972 [17J. 



(discussed below). 11 is interesting Uml no FPOX activity 
was obs*rv*<* in FaOXs in spjte cr high sequence sim- 
ilarity toward FPOXs (f ig. 5). This difference in sub- 
strnte nsoognition is thoushl lo be determwKd by tbc 



substrate binding site or ihe enzymes . To reveaJ this 
mechanism of substrate rccoijuiiion, cassette ojutasen- 
eri» of FfOXs and FAOP-F or FaoA would provide 
import irol information. 



Received at: 3:48AM, 5/31/2004 



04- 5-31 ;1 6:44 

'04*0Gfl?CB(*l 13:23 HMMUm 



OBLON SPIVAK i 03-3 503-23 77 



# 11/ 12 



P09 



K. H'tokmva ft at. t Stochcmical and Biophysical Resw-ch Qw»iw/wii(«w 3f I (20D3) 204-lfJ 



FPOX-E and -C showed higher activity and lower K„ 
values toward Fru-V»l than eFru^Lys (Table 4). And 
FAOX-P aJso showed that V rM fKt* for ctFru-i,ZLya was 
much higher than that for eFnj-aZJLys [6], indicating 
thai ihese three enzymes had higher specificity toward 
a-gjycated rnoI*cul« than glycated molecules. Jn 
contrast, FAOX-A, FLOP and FLOD 1*0*912 

showed lowci activity ajid/or higher K n vulues toward a- 
glycated molecules (such as Fm-Val and c*Fru-eZLys) 
Than c-glycated molecules (such as cFnirLys and fcFru- 
aZLys), indicating specificity toward e-glycaied 
molecules. Therefore, we categorized FPOXs and their 
homology into two groups: (A) enzymes tb*t preferably 
cwid&e a-glyeaied molecules and (B) enzymes that 
preftn»Wy oxidize ^glycated molecules (formerly de- 
scribed OS fyuetosyl lysine oxidases [7]) (Taole 4). A 
comparison of amino acid sequences revealed that these 
two groups (A and B) corresponded U» Die two groups 
that show high sequence .similarity (Fig, 2). Therefore, 
they could be described as Fru-VaJ ox;da$es aod eFru- 
Lys oxidases, and our novel FPOXs belonging to the 
former group. This relationship between sequence sim- 
ilarities and substrate specificities seemed reasonable, 
however further studies are needed to confirm this 
speculation. 

FPOXs could be a useful diagnostic tool for deter- 
mining the amount of HbAic* w c are currently devel- 
oping an anaymatic assay system for HbAic using 
FPOXs, since there are several proteases ihar are able to 
generate fructosyl peptides quite efficiently. Jn xhe 
present study, we have cloned* purified, and character- 
ized two FPOXs; one from EupGAiclllivm and one from 
Coniochacta. Both enzymes have strong activity toward 
Fru-Val and Fru-ValHis. however they differed in 
specificity toward a-glycoted molecules; FPOX-C acted 
on eFru-Lys, while FPOX-E showed slight activiry re- 
ward uFru^Lys. Since Fm-hexapeptide is reported to be 
liberated from HbA| C by Olu-C endoprotcinase [14], va> 
examined the enzymatic measurement of Fru-hexa pep- 
tide using FPOXs. As shown in Fig. 4, a linear rela- 
tionship was obtained between the concentration of 
protease-treatcd Fru-hexapepiide and the absorbance 
for the FPOX reaction. The absorbance was not de- 
tected when we u&ed baUcrial FAOX and fungal FA OX 
(neither enzyme showed activity toward fructosyl pep- 
tide), indicating that not Fru-VaJ but Fru-ValHU was 
released by the protease treatment. 

In this srudy, it was suggested that both FPOX-E and 
-C were available for assaying Fru-hexaptfptide, How- 
ever, FPOX-E could be a belter candidate for the assay 
of HbA io because internal Lys residues of proteins were 
glycated when the glucose level was high, aud cFru- 
Lya could become a major contaminant of the assay 
system. As FPOX-E acts mainly against Fru-ValHis 
even in the presence of cFru-Lys, it should provide for a 



precise assay oFHbAic. Study is in progress to establish 
a rapid and simple enzymatic assay system for HbAic 
using FPOX-E. 
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Non enzymatic glyeoeylation of albumin in vivo Oc- 
curs at multiple site*. Glucose gets attached to Lya- 
199, Lye-281, Lys-430, and JLya-525 as well as to some 
other lysine residues. The principal glycosylated site 
is Lya-525, Approximately 33% of the overall glyoo- 
sylatiou occurs at this site. This site specificity is re- 
markable and is postulated to be a consequence of local 
catalysis of the nononxymatic glycosylation reaction. 
It appears that positively charged amino groups in the 
protein catalyze the Amadori rearrangement at spe- 
cific sites* The principal glycosylated site, Lye-525. 
lies in a Lys-Lys sequence; other glycosylated sites lie 
in a JLys-JLya, Lys-Ris, and Lys-His-Xys sequence or 
are near disulfide bridges, which arc likely to place 
amino groups of more remote parts of the protein closer 
to these sites. The occurrence of nonenzyme tic glyco- 
sylation at most of the identified sites in albumin from 
diabetic patients is explained by the concept of local 
acid-base catalysis of the Amadori rear rangem ent. 



Enhanced nonenzyme tic glycosyiation of proteins has been 
claimed to be of relevance in the development of some com- 
plication* in diabetes mellitus (1-3). Because the glycosyla- 
tion reaction is nonenzyme tic in nature, it has bean expected 
to occur generally with ail kinds of proteins, but preferentially 
at primary amino groups with a low pK value. Although the 
occurrence of this reaction with a variety of proteins in vivo 
has been demonstrated, its apparent specificity has remained 
unexplained. The prediction that the reaction should occur at 
amino groups with a low pK value ie supported by one example 
only, the glycosylation of the NH a terminus of the 0-chain in 
hemoglobin which yields HbAlc (4). In both albumin (5-7) 
and hemoglobin (4), glycosylation generally occurs at sites 
irrespective of their pK value. 

In RNase A, which was incubated with glucose, glycosyla- 
tion was also found to occur at lysine residues irrespective of 
their pK value (8). 1 It was realized that glycosylation occurs 
predominantly at lysine residues which are close to another 
amino group, and we hypothesized that acid-base catalysis of 
the Amadori rearrangement (9) by these close amino groups 
causes site specificity- 1 

In this report we describe the results of our attempt to 
validate this concept for the in vivo glycosylation of proteins 
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by elucidating the glycosylated sites in albumin. In addition 
to the principal glycosylated site in albumin identified by 
Garlick and Mazer (7) we identified several minor glyco- 
sylated sites. All these sites are likely to be dose to charged 
amino groups that can act cntalytScaJly. 

EXPERIMENTAL PROCEDURES 

Materials— The affinity support Blue Trlsacryl was a product of 
LKB (Broajma, Sweden), and the boronate affinity support A£0-Gel 
€01 was £*vm Bio-Red. The gel filtration wins Sephadex C-15, 
Sephacryl S-200, and Trlsacryl GF-05 ware obtained from Pharmacia 
(Uppsala, Sweden) and LKB (Bromma, Sweden), respectively. [ 3 H] 
Sodium horohydride was purchased from Amersham (Amerelwim 
Buckinghamshire, UK). 

leotathn ofAUrumi*— Blood was obtained from a diabetic patient, 
In poor ejyccmk control, and antiooagulated with EDTA, The plasma 
was collected and stored at -70 *C until used- Before application U> 
the affinity column, $-ml sample auquota ware filtered and passed 
over a Trisaciyl GF-05 column, equilibrated with the applicatio n 
buffer of the affmity column. The plasma proteins were then applied 
to a column (diameter L6 cm) packed with 46 ml of Blue Triascryl 
<10, 11), equilibrated with application buffer (0.05 M Tria/HCl, 0-5 is 
NaCU pH 8.0), and the column was washed with 75 ml of application 
buffer at a flow rate of 80 tal/h. The adsorbed nlrmmtn was eluted 
with 2.5 m NaCl in 0.05 m Tris/HCl. Albumin from three runs was 
combined end concentrated to a volume of IS ml in an Amicoo 
ultrafiltration system. ThiB yielded 330 mg {5 nmol) of albumin. 

Labeling vf the Glycosylated Sites— In order to label the glycosylated 
sitae, the ketoamine adduct in albumin was reduced with "H-lahelad 
NaBH« <J2). A 100- fold excess of radioactive NaBH, (20 roCi/mmoI) 
was slowly added and the reaction aUowed to proceed for 1 h on ko 
at pH 8.0- The reaction was stopped by the addition of acetic acid to 
a pH of 3.0. 

Denaturation, OUutfide Cleavage, ami AU&lation — Q nsnidinnim/ 
HC1 and Tria/HCl were added to the above solution to yield a volume 
of 50 ml and a concentration of 6 M gu snid i ni nm/HOl and 0\5 if 
Tris/HCL The pH waa adjusted to After 30 min at 50 160 mg 
of dithiothreitol (6 tag/10 mg albumin) were added and disulfide 
cleavage allowed to proceed for 1 h (IS). The solution was cooled to 
room temperature, 750 mg of lodoacetate (25 xag/10 mg albumin) 
ware added (14), and after 1 fa hi the dark cEalyzed extensively against 
0.6% ammonium acetate. The solution was concentrated to 12 ml by 
Ami con ultrafiltration- 240 mg of alkylated and labeled albumin were 
obtained. 

In order to isolate monomsxic albumin, approximately 120 mg of 
the above material were passed over a column (diameter 2.2 em) 
packed with 800 ml of Sephacryl S-200. 

TrypfU Digevtion^Txyp&c digestion was performed with 90 mg of 
albumin. To destroy potential peptidase activity, the albumin solution 
was heated for 5 min to 100 "C. 1-6 mg of trypsin* purified by passage 
over Gbxogel B, waa added. Digestion was allowed to proceed for 8 h 
at 37 -C and stopped by briefly heating to 100 "C Experience showed 
that daring digestion turbidity developed. This insolubility does not 
occur if digestion is performed in 2 M guamdlninm/HCl in 0.5% 
ammonium acetate. pH 8-0 (15). The solution of tryptic peptides 
showed no turbidity nor was there any precipitate. 

Jactation of the Tryptic Peptide*— The glycosylated and labeled 
tryptic peptides were isolated by boronate affinity chromatography 
<16). The tryptic digest was applied to a column (diameter 2.2 cm) 
packed with 7 ml of Affi-Gel 601, equilibrated with application bufter 
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FlC. 1. SepajrationoJ glycosylated 
and labeled peptides from albumin 
on xeverBe-pbw HPLC. The glyco- 
sylated peptides were separated by 
HPLC sb detailed under *n1*psrimental 
Procedures'' The aluent was monitored 
for radioactivity by liquid scintillation 
counting (upper panel) and for peptides 
by fluorescence with a fnwrescamine de- 
tection system (lower panel). 




(0.1 M ethylmorpholine, 2 m guanidimuni/HCl, pH 9.0). For appli- 
cation, the 26 ml of digest were circulated over the column for 4 h at 
a flow rate of 30 ml/h. The column was washed with 100 ml of 
application buffer, and the adsorbed glycosylated peptides were elnted 
with 0.2 m sorbitol in the application buffer. 

It is noteworthy that about 60% of the radioactivity did not bind 
to the affinity support. This radioactivity represents nonspecific 
incorporation? because the unbound material did not bind when 
reapplied. The nature of such nonspecific side reactions has been 
investigated. It originates from superoxides and radicals which are 
formed by decomposition of iedioactive Na&H* These stabilised 
radicals lead to the reddish appearance of the commercial product. 9 

Separation of the Gtycaryiated Peptides— The glycosylated peptides 
were separated by HPLC using the reverse-phase column Aquapor 
KP-300 (Brownies) and a detection system for peptide* with fhzorea- 
camine (27). The column was operated ai a flow rate of 60 ml/h. A 
gradient with buffer A (6% methanol In O025 M trifhwroaoeUc add) 
and buffer B (76% methanol in 0.026 M trifluocoacetic add) waa used. 
For the first 16 mis the column was run wocrsfcicaUy in buffer A, 
followed by 60 min linear gradient etution np to 36% buffer B, 16 
mm ieccratic elunon at 36% buffer B, and finally by 30 min up to 
lOO%bufl*rB. 

Lycphilyzed peptide* dissolved in 2 ml of buffer A, corresponding 
to %S mg of eJbumin, were applied and fractions of 1 min collected. 
Radioactivity was measured by liquid scintillation counting (Fig. 1). 
The pooled fractions with the glycosylated peptides were fyopliUyzed, 
The estimated amount of the peptide corresponding to tha principal 
glycosylated site (peak H) was 4~40 nmoL 

Hydrolysis and Amino Add Ano(y*w-— The composition of the 
isolated glycoeyiated peptides was determined by amino acid analysis 
after hydrolysis in fl u HCl tinder N a at 110 *C for 24 b. Hydrorysates 
were fyopnilyrad, dissolved in 0.1% acetic add; and lyophilyzed a 
second tuns. Amino add analysis was performed on the Pico Tag 
System from Waters (18). An estimated 100 pmol of amino adds of 
peak H, and about 10 pmol of the other peaks, were analyzed. 

RESULTS 

Sequence assignment, based on the COmpooitional data* was 
attempted by the following criteria. 1) It waa assumed that 

* Tt Kiasner, personal communication. 

'The abbreviation used be HPLC, high performance liquid chro- 
matography. 



Tabus I 

Amino odd composition of the definilefy assigned glycosylated tryptic 



Glycosylated 

wt* 


A D F 

106-205 $77-266 
Lrs-438 Lyv-lM Lye^aax 


H 

Ly»-«SS 


Amino acid Composition (theoretical and eayeriraBPtal data) 



Ghi 


1 




1 


13 


3 


2j6 


2 


2.4 


See 






1 


04 










His 


l 


+ 














Thx 














1 


1J0 


Ala 


l 


OB 


1 


1.0 






1 


1A 


Pro 


1 


0.7 




0.7 


1 


1-1 






Tyr 




0.6 














Vol 




0.5 










2 


2.0 


Cye- 


2 


+ 


1 




2 








Leu 






2 


1.7 


2 


2.5 


2 


2.0 


Lya 


1 


L0 


1 


09 


1 


OA 


1 




Glc-Lys* 


1 


+ 


1 


+ 


1 


-f- 


1 


+ 



"The elation 
mined by 



of alkylated Cys and Glc-Lys were 
with appropriate st andar ds (13, 19). 



tryptic digestion was complete, Le, that all the radioactive 
peaks represented two tryptic peptides not split at the glyco- 
sylated lysine residue. 2) Mismatching "dipeptides* were ex- 
cluded based on the reliably determined amino acids: Giu, 
Ala, Leu, Phe, Lya, Cys, and occasionally also Asp and Pro. 
3) Positive sequence assignment required that every reliably 
determined amino acid in the peptide was detected in approx- 
imately the expected amount. "Noise" up to 0.5 residues was 
tolerated. By these criteria nnequi vocal assignment was pos- 
sible for the compositional data of four peaks (Table I). 

Due to the small amount of peptides of the minor glycoey- 
iated sites, there was considerable noise, and assignment and 
quantitation was not equally reliable for ail peaks. Six other 
peptides could be assigned if more variability was accepted 
(Table II). Some radioactive peaks could not be assigned. 
These ponasaigned radioactive peaks correspond to poorly 
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Table II 



Peak 

Sequent* 

Glycosylated 


8 

228-2*1) 
Lys-233 


C 

314-323 
Lyp-317 


£ 

849-369 
Ly*-3Si 


G 
Lys-12 


I 

626-S36 
Ly»-SS4 


K 


Amino acid 




Cos 




col »«d experimental data) 







Am 

Ghi 


Z 


1.6 


2 


1.6 




14 


2 


1.1 




14 


2 


1.3 


2 




I 


1.5 


3 


£5 


2 


1.8 


2 


2J2 


2 


2.4 


Ser 


1 


LO 








t2 




0.4 




0.6 


1 


0.7 


Oy 














1 


1.3 










His 


















1 


+ 






Thr 


2 


0.6 






2 


1.4 






1 


0.7 


2 


08 


AlA 


2 


J. 6 


2 


1.4 


1 


1.2 






1 


1A 


2 


L6 


Tyr 
Val 




1 


1.3 


1 


L7 




0.7 




0J6 




0.6 


2 


1.3 


1 










0.5 


2 


14 


2 


1J» 


Cys- 
Len 






1 


+ 












+ 




+ 


2 


2,0 




0.7 




2.0 


1 


12 


2 


2.0 


2 


2LO 


Fhe 


1 


a* 










2 


U 


1 


OJd 


1 


L0 


Ly* 


1 


1.0 


1 


LO 


1 




1 


1.0 


1 


1JD 


1 


09 


Glc-Lyt* 


1 




1 


+ 


1 


+ 


1 




1 


+ 


1 


+ 



■ see Table L 



resolved peaks in the fluorescence monitoring. Interestingly, 
peeks B and K correspond to the same glycosylated site, a 
finding that remains unexplained. 

DISCUSSION 

The nonenxynjfltically glycosylated tryptlc peptides of al- 
bumin were Isolated by boronate affinity chromatography (16) 
and resolved by HPLC (Fig. 1). This separation showed that 
at least 10 different lysine residues out of a total of 59 get 
nonenzymaticaUy glycosylated to some extent. Four glycosy- 
lated sites were clearly established: Lvb-439, Ly£*199, Lya- 
281, Lys-525. Evidence for the assignment of five other sites 
la less certain but consistent with glycosylation at Lye-233, 
Ly*-317, Lys-351, Lys-12, Lys-534. 

Glycosylation at LyB-525 accounts for approximately one* 
third of the overall glycosylation, confirming an earlier report 
on the principal glycosylated site in albumin (7). In this report 
five to six minor radioactive peaks were also resolved but the 
respective peptides not characterised. 

Lys-199 is one of the other unequivocally assigned glyco- 
sylated lysine residues. Indirect evidence for glycosylation at 
Lye- 199 had been derived from the observation that acetyl- 
salicylic add, which is known to acetylate Lys-1 99 (15), 
inhibits the nonenzymatic glycosylation of albumin in ufrro 
(5). However, the extent of this inhibition, which was approx- 
imately 50%, cannot be explained by our data which show 
that glycosylation at Lys-199 accounts for only approximately 
5% of total glycosylation. 

Strikingly, despite its low pK of 7.9 (20), glycosylation at 
Lys-199 is only marginal. Glycosylation of the at-amino group 
of the NHi- terminal asparagxne, the other site with a low pK 
value, was not detectable. The pK value therefore seems to 
be of minor importance for the extent of glycosylation at 
specific sites. 

We have postulated that structural features of the protein 
influence the extent of nonenzymatic glycosylation by way of 
catalysis Of the Amadori rearrangement. Appropriately lo- 
cated positively charged amino add residues could afford local 
acid-base catalysis. It is well established that acid-base catal- 
ysis enhances the Amadori rearrangement In simple model 
systems (9). Catalysis of the Amadori rearrangement as a 
possible explanation for site specificity has been previously 
considered (7, 8), but it was assumed that carboxylic groups 
would act as acid catalysts. However, at a physiological pH, 



the fully dissociated carboxyl group cannot donate a proton. 

Considering the position of the glycosylated sites in albu- 
min, it is striking that three sites are located in a sequence of 
basic amino acids: Lys-525 in a Lys-Lys sequence, Lys-439 in 
a Lys-His sequence, and Lys-534 in a Lys-His-Lys sequence. 
Other glycosylated sites in albumin are also likely to be 
neighbored by positively charged amino acid residues. Lys- 
199, Lys-281, Lys-3l7, and Lys-439 are dose to disulfide 
bridges, which place a positively charged amino group in a 
more remote part of the sequence close to these sites. 

For the remaining minor glycosylated sites, Lys-12, Lye- 
233, and Lys-351, there is no evidence for proximity to posi- 
tively charged groups due to lack of knowledge of tertiary 
structure of albumin. Evaluating the validity of this concept 
with literature data on hemoglobin, we found the following 
supporting evidence (21): the principal glycosylated site, the 
amino terminus of the jS-chain, is adjacent to a histidine and 
close to a lysine residue. Two other glycosylated sites, /J-Lys- 
66 and a-Lys-61, are located in a Lys-Lys sequence (4) and 
some of the other minor glycosylated sites are within 6 A of 
positively charged groups (22). 

It has been found that glycosylation of hemoglobin in vivo 
and in vitro affects different sites (4). This observation has 
not been explained but may be a consequence of differing 
reaction conditions or partial denaturatton Of the protein. In 
albumin, partial denaturation may explain why the indirect 
evidence for glycosylation of Lye- 199 from in vitro glycosyla- 
tion did not reveal the principal site glycosylated in vivo. 

In summary, the concept of local acid-base catalysis of the 
nonenzymatic glycosylation reaction explains the site speci- 
ficity of this reaction in all known instances: albumin, hemo- 
globin, and RNaae A. 

ActoWWte<3gemenis—'We are indebted to B. Sagaeeer for assistance 
in the HPLC •eparation of the peptides end Dr. A. Eberie and V. 
Jaggi for performing the amino acid analysis. 
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Purification and Properties of Fructosyl Lysine Oxidase from Fmarhtm oxysporum S-1F4 
Yasuyoshi Sakai, Nobuyuki Yoshida, Atsuko Isogai, Yoshiki Tani * and Nobuo Kato** 
R£Z%%££l™l£ hemiS ' ry - FaCU " y o'**"**""' *"» Sakycku. Kyoto 606-01. Japan 

of tl^^llSZ (FLOD >J ra ? tor its ose in tt« enzymatic me^ement of the level 

of glycated albumin in blood serum. To isolate micoorganisma having such an enzyme activity we used 
^-fn.ctosy ^lysine (fi-FL) as a sole nitrogen source in the enrichment culture^iunu & bulged 
fungus, strain^ 5-1*4, stoned a high FLOD activity In the cell-free extract and was idSri ^ZS 
W ™^1° - homogeneity on SDS-PAGE. Tbc nwlecuE,^ oTZ 

snbunft was 50 kDa on SDS-PAGE and seemed to exist in a monomeric form. The enzyme had .nXrefion 
spectrom characteristic of a fetoprotein and the flavin was found to be covalentiT^nTto 



Nonen2yrnatic glycosyJation of proteins (glycation) 'pro- 
ceeds by an initial condensation of reducing sugars such 
as glucose with a- or f-amino groups of the proteins to 
form a SchifFs base. This labile aldiraine adduct may either 
dissociate or undergo the Amadori rearrangement to 
produce a more stable ketoaminc product. 1} Grycation 
causes the browning of foods during long-term storage, a 
problem in the food industry. In vivo y grycation of blood 
proteins, hemoglobin and albumin, was reported to be 
enhanced in patients with diabetes mellitus. As the amount 
of glycated proteins reflects the level of blood glucose in the 
recent several weeks and is not affected by transient increases 
of glucose in the blood, 21 the level of glycated protein is 
expected to be a good index of the medical condition of the 
patients. 

At present, the amount of glycated hemoglobin and 
albumin are estimated by an HPLC method?' thiobar- 
bituric acid assay,** aminophenylburonic acid affinity 
chromatography, 5 ' or fructosarnine method,*' The specific- 
ities of these methods are low and the assay is usually too 
tedious for examining many specimens. To overcome these 
demerits, we arc developing an enzymatic method to 
measure the amount of glycated proteins in the serum. As 
the lysine residues of proteins are known to be most often 
glycated, 7 " u > an enzyme catalyzing the H ^-producing 
oxidase reaction where fructosyl lysine is deglycated is 
considered to be the most efficient for the measurement of 
glycated proteins. In this study, we describe the isolation 
of Fusarium oxysporum S-1F4, which produces a fructosyl 
lysine oxidase (FLOD), and the purification and charac- 
terization of FLOD is also described. 

Materials and Methods 

Materials. D&AB-Sephacei, Sephacryt S-200, and Mono Q were pur- 
chased from Pharmacia fine Chemical, Uppsala, Sweden. Butyl-Toyo- 
pearl and pheoyi-Toyopeaji were Tram Tosoh Co.. Tokyo, Japan. Fruc- 
tosyl amino acids were a kind gift from Kyoto Dalichi Kagaku Co. Ltd., 
Kyoto. Japan. Horse radish peroxidase was from Sigma Co., St. Louis' 



U.S.A. Adenylate kinase was purchased from Unitika, Ltd., Osaka, 
Japan. Promise was purchased from Calibiochcm Co., California, U.S.A. 
Gluoosone was prepared by the method of Becker et at 1 ** OA-67 
was purchased from Wako Pure ChemicaJ Industries, Ltd., Osaka, Japan. 

Screening for FLO D-p r educing microorganisms. The enrichment culture 
method was used to obtain the FLOD-producxng microorganism a. The 
medium contained 5 g c-FL, 10 g glucose. 1 B K a HP0 4 , 1 g NuH a PO* 0.5 g 
MgS0 4 7H.O, 0.1 fi CaClj -2H 2 0, 0.1 % (v/v) vitamin mixture, and 1.0% 
(v/v) metal solutions in 1000 ml of distilled water (pH- 5.5). The vitamin 
mixturehadthefoUowmgcornposition; I mg thiamin * HO. 2 mg riboflavin, 
2mg Ca-paniothenatc, 2 nig pyridoxine *HCl, 0.1 mg Win, I mg 
/vammobcnzoic acid, 2mg nicotinic acid, and. 0.1 mg folic acid in 100 ml 
of distilled water. The composition of the metal solutions was as follows: 
]^ M " S <V3H 2 0, ^ ^OWH^O, 0.4g, CuSO*-5H a O, 0.28g, 
?^ 2 \ 2U r 1 ?' 0 - 68 Na > M °<V2H 2 0, 0.4g H,BO„ and 0,06g KT in 
1000 ml of distilled water. A soil sample was added to 3 ml of culture 
medium described above, and shaken (300 strokes per min) at 28°C for 2 
days. Then 0.03 ml of the culture was transferred to fresh medium and 
the cultivation was done under the same conditions. Pure cultures were 
obtained by inoculation onto agar plates of the same medium. Single 
colonies were tested by the FLOD assay. 

Assay of FLOD activity. FLOD activity was measured at 30*^ by the 
formation of a quiuone dye following the absorbance at 505 nm <s = 
5.13 x 10 ) with a Shimadzu LTV- 160 spectrophotometer. The reaction 
mixture contained 100/imol Tris-HCI (pH 8.0), 4.5 piol 4-arninOantipyr- 
me, 6.0/onol phenol, 6.0 unit peroxidase, and 5.0pmol «-FL in a total 
volume of 3 ml. The reaction was linear from 5 to 10 rain under these 
conditions. One unit of enzyme activity was defined as the amount of 
the enzyme that produced 0.5/rmol of quinone dye per minute. This 
amount corresponds to the formation of 1.0/mmI H,O a per min. 

Protein methods. Protein was measured by the method of Bradford 1 51 
with a Bio-Rad Protein Assay Kit using bovine scrum albumin as a 
standard. The molecular weight of FLOD was determined by gel filtra- 
tion on a Sephacryi S-200 column equilibrated with 0.1 m Tris-HCI buffer 
(pH 8.0) containing 2 mm DTT and 0.1 m No CI. The molecular mass of 
the subunits of the purified PLOD was measured by SDS-polyacrylamide 
gel electrophoresis (SDS-PAGE) by the method of Lnemmfi'*' with 10% 
gel (I mm thick, 8 x9cm). Protein was stained with Coomassie Brilliant 
BlueR-250. 

Purification of FLOD. The purification was done at 4°C Of the 
SH-reugencs tested, dithiothreitol (DTT) was the most effective in the 



* Present addresi: Qrattuate School of Biological Sciences. Nora Institute of Science and Technology, tkonm 630-01 JaDan 
* Corresponding author. ' ^ 

benzylox^S. **** N% *™*™& ^lysine; a-FL, /V-fructoayl /V'-Z-rysine; «,ZL, /V^lysuur, FLOD, fructosyl lysine oxidase; Z-, 
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prevention of enzyme inactivation. NY buffer (50 mM Tris-HCI buffer. pH 
8.5, containing 2mM DTT) was used thoughoul the purification procedure 
unless otherwise staled. Strain S-IKM was cultivated in 10 liters of the 
medium described above using 0.2% yeast extract ia place of vitamin and 
metal solutions at 28°C for 36 h. 

/. Preparation of cell extract. Washed mycclia (200 g as wet weight) 
were suspended in I liter of 0.1 m Tris-HCI buffer (pH 8J) containing 
2mM DTT» and disrupted by a Dyno-MM (Willy A. Bachofen Manu- 
facturing Engineers, Basel, Switzerland). The homogenate was centirufg- 
ed at 9.000 x g for 30mln to remove unbroken cells and cell debris. 

Z Ammonium sulfate fractionation (Ut). Ammonium sulfate was added 
to the above supernatant to 40% saturation, stirred for 1 h, and centrifuged 
at 20,000 x g for 10 mm. The supernatant, to which ammonium sulfate was 
added further to 75% saturation, was stirred fbr 1 h, and centrifuged at 
20.000x0 for lOmin. The supernatant was removed and the resultant 
precipitate was dissolved in and dialyzed with NY buffer for 18 h under 
gentle stirring at 4*C. 

S. DEA E-Scphacei column chromatography. The diaryzed solution was 
put on a DEAB-Scphaccl column (4.24V x 26 cm) equilibrated with NY 
buffer. The column was washed with the same buffer. The absorbed pro- 
tein was eluted under a linear KG gradient (0-0.5 m). 

4. Ammonium sulfate fractionation (2rwf). Active fractions were collect- 
ed and ammonium sulfate fractionation wjj done as described above, 
and the precipitate obtained at the ammonium sulfate concentration 
between 5S and 75% saturation was dissolved in NY buffer and then 
dialyzed against MY buffer containing 25% saturation of ammonium 
sulfate. 

5. Pfienyl-Toyopeart column chromatography. The dialyzed enzyme 
solution was put on a phenyl-Toyopearl column (1.80 x 30 cm) equili- 
brated with NY buffer containing 25% saturation of ammonium sulfate, 
Elution was done under a linear gradient of ammonium sulfate (25-0% 
saturation). 

6. Butyl-Toyopear! column chromatography. Active fractions from the 
previous step were collected and precipitated by addition of ammonium 
sulfate to 80% saturation. The precipitate was dissolved and put on a 
butyl-Toyopcarl column (2.00 xU cm) equilibrated with NY buffer 
containing 40% saturation of ammonium sulfate. The absorbed protein 
cluied under a linear gradient of ammonium sulfate (40-0% saturation). 

7. Sephacryl $-200 column chromatography. The active fractions 
obtained in step 6 were concentrated by ultrafiltration, and put on a 
Sephacryl S-200 column (1.70 x 86cm) equilibrated with 0.1 m Tris-HCI 
buffer (pH 8.5) containing 2mM DTT and 0.1 m NaCL Gel filtration was 
done with the same buffer. 

8. Mono Q ctiTomatography. The active fractions after gel Gltration were 
collected and diulyzed by ultrafiltration, and put Ort a Mono Q HR5/5 
column in the Pharmacia FPLC system. A gradient with NY Buffer, and 
NY2 buffer (NY buffer containing 0.5 m KCI) was used. For the first 5 min, 
the column was run isocratically with NY buffer, followed by a linear 
gradient up to 12.5% NY2 buffer for 28 min. 

Flavin content. Flavin was identified and measured by the AMP liberated 



from the enzyme. Purified PLOD (6.29 nmol) in 0.1m Tris-HCI buffer (pH 
8.5) was incubated with I mg Pronase at 37°C for 20 h. After inactivation 
of Pronase in boiling water, 0.6 mU of phosphodiesterase was added and 
Incubated at 37°C for 30 min. AMP in the reaction mixture was measured 
by the enzymatic method with adenylate kinase.* 7 » 

Reaction products. c-FL and /V-Z-iysinc (a-ZL) was measured by HPLC 
on an L-column ODS (4.6x1 50 mm; Chemical Inspection A Testing 
Institute, Tokyo, Japan) at 37°C with 50% KH 2 P0 4 (20 mM) In acetonitrile 
as the solvent at a flow rate of 1 .0 ml/mio with monitoring of the absorbanCe 
at 254 nm. Glucosone was analyzed on HPLC with a Shim pack Ion KS401 
(8.0 x 300 mm; Shimadai Co,, Kyoto, Japan) at 60°C with distilled water 
as the solvent and detected with a Toyo Soda RI-8 refractometer. H 2 0 2 
was measured with peroxidase using DA-67 as the coloring reagent. Oxygen 
consumption was measured with an oxygen electrode system (Rank 
Brothers, Cambridge, England). 

Results 

Screening of the FLOD-producing microorganisms 

About 300 cultures that grew on e-FL as a sole nitrogen 
source were isolated from various soil samples. Among 
them, the highest FT-OD activity was found in the cell-free 
extract of a fungus, strain S-1F4 (6.03 x 1 0" 2 units/mg- pro- 
tein), which was identified as Fusarium oxysporum by 
Centraaibureau voor SchhnmelcuUure (Delft, The Nether- 
lands). 

Purification of FLOD 

FLOD was purified 796-fold from the cell-frec extract as 



Table I. Summary of FLOD Purification 


Purification 
step 


Total 
activity 
(U) 


Total 
protein 
(mg) 


Specific 
activity 
(U/mg) 


Purifi- 
cation 
(fold) 


Yield 
(%) 


Cell-free extract 
Ammonium sulfate 


443 
412 


7210 
3030 


0.0614 
0.136 


1 

2.21 


100 
93 


(40-75%) 
DEAE-Sephacel 
Ammonium sulfate 


264 
260 


184 

72.3 


1.44 
3.60 


23.5 
58.6 


60 
59 


(55-75%) 
Phenyl-Toyopearl 
Butyl-Toyopearl 
Sephacryl S-200 
Mono Q 


149 

117 
69-5 
29.5 


4.95 
2.34 
1.43 
0.603 


30.1 
50.0 
48.5 
48.9 


490 
814 
790 
796 


34 
26 
16 

6.7 




31 KDa 



22kDa 



80 90 100 
Elytion volume (ml) 



120 



Fig. 1. Molecular Muss Estimation of FLOD. 

A: SDS-PAGE pattern of fXOD. Lane t: Marker proteins: Lane 2j Purified FLOD. Blo-Rad SDS-PAGE Molecular Weight S*nd:u^Low j*a. used a»i the inokcufcir 
weight randanfe!* Sephacryl S-200 gel filtration of FLOD. Mol-R^ Molecular Weight Marker Kit (Pierce Cbcm^t Company. Rockford. U.S.A.) was used « the 
molecular masi makers. Experimental conditions ore described n» Materials and Methods. 
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described in Materials and Methods (Table I). The purified 
FLOD has a specific activity of 48.9 units/mg of protein. 
The purified preparation showed a single band on 
SDS-PAGE, indicating an apparent homogeneity of the 
protein (Fig. 1). Specific activity was not increase by 
Sephacryl S-200 and Mono Q column chromatographies, 
but two more steps were necessary to remove some minor 
protein bands appeared on SDS-PAGE. 

Molecular mass 

The molecular mass of the enzyme subunit was estimated 
to be 50kDa on SDS-PAGE. Sephacryl S-200 gel filtration 
showed that the molecular mass of FLOD was 45 kDa. 
From these data, the enzyme is considered to be mono- 
melic (Fig. 1). The enzyme was found to contain no sugar 
chain from peroxidase coupled lectin blot analysis and no 
metal ion by atomic absorption spectrophotometry (data 
not shown). 

Stoichiometry 

The stoichiometry of the reaction catalyzed by FLOD 
was examined. The molar amount of oxygen consumed and 
that of a-ZL, glucosonc, and H 2 0 2 produced by the 

Table II. Stoichiometry or* the Reaction Catalyzed by PLOD 



Fructosyl Lysine Oxidase from F. oxysporum S-IF4 

enzyme reaction was closely equivalen t (Table II) indicating 
that the enzyme catalyzes an oxidase reaction as shown in 
Fig. 2. 
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Substrate specificity 

Tabic III shows the substrate specificity of FLOD. The 
enzyme was active toward A^ B -fructosyl-iV*-Z-lysine (a-FL) 
as well as e-FL. FLOD did not catalyze the oxidation of 
D-glucose, D-fructose, and L-lysine. The activity for fructosyl 
valine was very low compared with those for £-FL and 
oe-FL. The enzyme reacted with fructosyl poly L-lysine, but 
not with poly L-lysine. In addition, the enzyme did not act 
against intact glycated protein such as glycated human 
serum albumin (Sigma Co,, St. Louis, U.SA.) (data not 
shown). Michaelis constants for fi-FL and cc-FL were 
0.22 mM and 1 .33 mi*, and maximal reaction velocities were 
l22^mol-min' 1 -mg" 1 and 127/imol-min" 1 -mg \ re- 
spectively. 

Effects of temperature andpHon FLOD activity and stability 
The optimum temperature and pH of the enzyme were 

Tabic 111. Substrate Specificity of FLOD 





a-ZL 


Glocosone 


H*O a 


consumed 


produced 


produced 


produced 


Oimol) 


0<mol) 


Oimol) 


(/anal) 


0,360 


0.422 


0.349 


0.346 



Substrate 



Concentration In Relative activity 



After 1 A«nol or e-FL was incubated with 1 U or FLOD at 30°C for 3 h, 
the amounts of oxygen, a-ZL, glucosonc, and H t O* were measured as 
described in Materials and Methods. 



^"•Fructosyl AP-Z-rysinc 
jV-Fructosyl yv»«Z-lysine 
Fructoayl valine 
A^-Methyl-L-Iysinc 
AP-Fructosyl poIy-L-Iysine 
PoJy-L-lyBine 



reaction mixture 


(%) 


1.67 mM 


100 


1.67 


103 


1,67 


<0.l 


1.67 


N,D.« 


0.02% 


2.3 


0.02 





N.D^ not detected. 



9-o 

HO-C-H 
H-C-OH 

OHOH 



6 



+ O* + H2O 



6 



cwo 



w'.Frudaayl w p -2-ljrain« (e-FU 
Fig. 2. 



The Reaction Catalyzed by FLOD. 



0.6 


A a 


1.0 
oa 


B 




as* OA 

i 




f 0,6 






i 

3 0.2 














0.2 


i 


L.. 1 i. 


0 


30 40 50 « 
Temperature fC) 


0 


6 


8 

pH 




30 40 50 
Temperature fC) 

Fig. 3. Effect* or Temperature and pH on Activity (A) (B) and Stability (C) <D) of FLOD. 
(A) Enzyme activities were measured un<Ur the ttandard conditions at varicw* Umpai-ature*. 
tu\ R„«m« »et;v'itic< were measured under the standard conditions m viunoua bun era. 

after the purin^^c w* P^ncubated in 33-Tri^Ha ^r ten^raturca for 5, 

(D) The residual activities were measured oiler the purified enzymea was pro-incubatcd m 3JmM yanew buflcrs »A 30 C for _Smin. 
Symbob h?^. 3B and 3D: acetate buttr; potaasium phosphate buffer. O. Tria-Hd bufbr. A, glycmo-NaOH buffer. 
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40°C and 8.0, respectively (Fig. 3A, B). The enzyme was 
inactivated gradually above 30 Q C and completely lost the 
activity at 50°C for 5 min (Fig. 3C). The enzyme was Stable 
at a pH range from 6.0 to 10.0 (Fig. 3D), 

Effects of metal ions and reagents 

The enzyme activity was completely inhibited by Cu 2 + , 
Zn 2+ , Ag + , and Hg* + and partially by several other 
metal ions (Table IV). The enzyme was strongly inhibited 
by ^-chloromercuribenzoate» hydrazine, and phenylhydra- 
dine (Table V). These findings suggest that sulfhydryl and 
carbonyl groups exist in the catalytic site of the enzyme 
and are important in the enzyme reaction. 

Prosthetic group 

The adsorption spectrum of the purified enzyme that had 

Tabfc IV. Effects of Metal Salts on FLOD Activity 



Material 


Relative activity 


Material 


Relative activity 


(ImM) 


(%) 


(1 mM) 


(%) 


None 


100 


FeSO* 


97 


LiCl 


too 


C0SO4 


42 


ICO 


104 


CuCI 2 


0 


Nad 


107 


ZnSO* 


0 


Rbd 


103 


AgNOj 


0 


CsCI 


102 


BaClj 


60 


MgCl 2 


75 


HgCl, 


0 


Cad 3 


77 


FeCl 3 


67 


MnClj 


154 







The enzyme was incubated for 5min with a metal sail. 
Table V. Effects of Various Reagents on the FLOD Activity 



Reagent 
(1 mM) 


Relative 
activity 
(%) 


Reagent 
(I TOM) 


Relative 
activity 
(%) 


None 


too 


Semicarbazide 


103 


PCMB" 


0 


Phenylhydmrtne 


2.6 


DTNo* 


95 


Hydrazine 


13 


Iodoacetate 


102 


Hydoxylamine 


21 


NaN, 


101 


Ctorgylme 


152 


cc,cr*-Dipyridyl 


106 


Dcprenyl 


102 


o-Phenan ih rO line 


103 


ArtiinOfiuonidine 


66 



The enzyme was incubated for 5 min with a reagent. 

* p-Chloromercuri benzoic acid. 

* 5,y-Oittiiobis(2-nUrobcnzoic acid). 



two absorption maxima at 373 and 454 nni (Fig. 4) is a 
typical one for flavoprotein. The absorption maximum at 
454 nm disappeared when the enzyme was incubated with 
e-FL. The AMP moiety of the chromophorc was identifed 
as follows: the purified enzyme was digested with Fronase, 
then AMP was liberated by phosphodiesterase treatment. 
As a result, 6.26 nmol AMP was found in 6.29 nmol FLOD 
indicating that one mole of FLOD had one mole of FAD 
as a prosthetic group. This FAD was not liberated from 
the enzyme with trichloroacetic acid precipitation and 
yellow fluorescence migrated along with the enzyme protein 
on SDS-PAGE. These findings suggest that the FAD can 
bind covalently to the protein. 

Discussion 

Since glycation of protein occurs mainly in the c-arnino 
group of the lysine residue, e-ZL i$ a suitable model 
compound of glycated residues in proteins. We found one 
of the fungi imperfecti, F. oxysporum S-1F4, that produced 
FLOD by the use of e-ZL as a sole source of nitrogen 
through the enrichment cultures. 

Fructosyl amino add (amine) oxidase had been purified 
from Coryncbacterium sp. l8) and Aspergillus sp. 19 > Table 
VI shows the properties of enzymes. The two enzymes were 
dimers with identical 44kDa and 43kDa subunits, 
respectively, while FLOD from K oxysporum S-1F4 was 
found to be a monomer with a molecular mass of 50 kDa. 
Corynebacterium and Aspergillus enzymes were flavopro- 
turns with non-covalently bound FAD, and FLOD from F. 
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Fijjr. 4. Absorption Spectra of FLOD. 

Solid line: Purified FLOD (0.20 mg/m!) In NY buffer; broken hue: Purified FLOD 
(Q_20 ma/ml) pre-incubnted with 0.2 m* *-FL in NY buffer ai 30*C for 3 h. 



Tabic VI. Properties of the Amadori Compound-oxidizing Enzymes from Various Microorganisms 




F. oxysporum S-1F4 
(FLOD) 


Corynebacterium sp. 1 * 1 
(Fructosyl-amino acid oxidase) 


Aspergillus sp. 
(FructosyUmine oxidase) 


Molecular Gel filtration 
weight SDS-PAOE 
Coenzyme 

Specific Fructosyl lysine 
activity Fructosyl valine (U/mg) 
Michael is constant 

Optimum pH 

Inactivation by SH-reugent 


45,000 
50.000 
Covalently bound FA 13 
48.9' 
<0.01 
0J22mw 
(For 4>FL) 
8.0 
Yes 


88.000 
44,000 

Non-covaleotJy bound FAD 
N.D. k 
7.09 
0.74 mM 
(for rVuctosyi glycine) 
8.3 
No 


83.000 
43,000 

Non-covaJenUy bound FAD 
11.28* 
59.8 
2.2 mM 
(for fructosyl glycine) 
7.7 
Yes 



Specific activity against e-FL, 

Specific activity against AT 6 -r>rriwtosyl-iV*-rormyUlysine. 
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oxysporum S-l F4 was also a flavoprotein but with covatently 
bound FAD. FLOD showed low activity against fructosyl 
valine, while this compound was a good substrate with the 
other two enzymes. FLOD from R oxypomm S-1F4 had 
the same degree of activity against s-FL and o-FL, but the 
Km was lower for £-FL than for cc-FL. Therefore, FLOD 
seems to recognize glycation in the s-amino group. Recently, 
Watanabe et at found an enzyme that catalyzes the 
deglycation of fructosyl-lysine 20) but the detailed properties 
of the enzyme have not been described. Thus, FLOD differs 
in the described properties from the other previously 
reported enzymes. 

We also showed that the FLOD could act against 
fructosyl poly L-lysinc and not against intact glycated 
protein. However, our preliminary experiments showed that 
protease treatment allowed FLOD to act against glycated 
proteins (data not shown). These findings suggest the 
possibility of the application of FLOD to the measure- 
ment of glycated proteins such as glycated albumin in the 
serum. 
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Headnotes 



JUDICIAL PRACTICE AND PROCEDURE 



1. Procedure - Summary judgment - Patents (§ 410.3303) 

Summary judgment is as available in patent cases as in other areas of litigation and can facilitate disposition of 
legally meritless suits, but improvident grant of summary judgment can prolong litigation and increase its burdens, 
especially in patent disputes in which patent property is wasting asset. 



PATENTS 



2. Patentability/Validity - Anticipation - In general (§ 1 15.0701) 

Anticipation under 35 USC 102 cannot be found if more than one reference is required to establish unpatentability of 
claimed invention; rather, validity in such case is determined pursuant to 35 USC 103. 



3. Patentability/Validity - Anticipation - Prior art (§ 115.0703) 
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Patent construction - Claims - Defining terms (§ 125.1305) 

Federal district court erred by ruling, on summary judgment, that claims for patented bottle were anticipated by prior 
art, since court erred in its construction of claim term "hollow," and since disputed issue of fact exists as to whether 
injection blow molding process necessarily produced "hollow" ribs in prior art base structure, as term "hollow" is 
used in patent. 

4. Patentability/Validity - Anticipation - Prior sale - In general (§ 115.0707.01) 

"On sale" bar of 35 USC 102(b) does not arise simply because intended customer was participating in development 
and testing, but rather all circumstances concerning relationship between patentee and customer must be considered 
in light of public policy underlying Section 102(b); thus, federal district court erred in determining that bottle was 
"on sale," in view of evidence showing that bottle was part of terminated development project that never bore 
commercial fruit and was cloaked in confidentiality. 

5. Patentability/Validity - Obviousness - Combining references (§ 115.0905) 

Federal district court erred by ruling, on summary judgment, that claimed bottom structure for plastic container was 
obvious, since, drawing all reasonable inferences in favor of patentee, it has not been established that person skilled 
in art would be motivated to select and combine features from each prior art source to make patented base. 

6. Patentability/Validity - Obviousness - Secondary considerations generally (§ 115.0907) 

Differences between patented invention and prior art which may appear technologically minor nonetheless can have 
practical impact, particularly in crowded field, and in such case objective indicia, such as commercial success, or 
filling existing need, illuminate technological and commercial environment of inventor, and aid in understanding 
state of art at time invention was made. 

7. Patentability/Validity - Obviousness - Commercial success (§ 1 15.0908) 

Patented invention need not be solely responsible for commercial success in order for this factor to be given 
appropriate weight. 

Particular patents - General and mechanical - Plastic bottle 

4,108,324, Krishnajumar, Roy, Pocock, Das, and Mahajan, ribbed beverage bottle structure for plastic container 
created by plastic hot-fill, summary judgment of invalidity vacated in part, reversed in part, and remanded. 
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Appeal from the U.S. District Court for the Southern District of Ohio, Spiegel, J.; 1 1 

USPQ2d 1761 . 

Patent infringement action brought by Continental Can Co. USA Inc. and Continental Pet 
Technologies Inc. against Monsanto Co., Hoover Universal Inc., and Johnson Controls Inc. 
From federal district court decision entering summary judgment in favor of defendants, 
plaintiffs appeal. Vacated in part, reversed in part, and remanded. 

Attorneys: 

Eugene F. Friedman, Chicago, 111. (Edwin C. Thomas, III and David M. Novak, of Bell, 
Boyd & Lloyd, Chicago; Kurt L. Grossman, of Wood, Herron & Evans, Cincinnati, Ohio, 
with him on brief), for plaintiff-appellants. 

Henry J. Renk, New York, N.Y. (Lawrence F. Scinto and Bruce C. Haas, of Fitzpatrick, 
Cella, Harper & Scinto, New York; Jacob K. Stein and Deborah DeLong, of Thompson, Hine 
& Flory, Cincinnati, Ohio; Lawrence L. Limpus, St. Louis, Mo., and Edward L. Levine, 
Milwaukee, Wis., with him on brief), for defendants-appellees. 



Judge: 

Before Newman, Archer, and Rader, circuit judges. 

Opinion Text 

Opinion By: 
Newman, J. 

Continental Can Company USA and Continental PET Technologies (collectively "Continental") appeal the partial 
summary judgment of the United States District Court for the Southern District of Ohio, holding that United States 
Patent No. 4,108,324 (the Conobase or '324 patent) is invalid. 1 Final judgment was entered on this issue, for the 
purpose of appeal. 

Summary Judgment 

An issue may be decided on motion for summary judgment when there is no genuine issue of material fact, and the 
movant is entitled to judgment as a matter of law. Fed. R. Civ. P. 56(c); Anderson v. Liberty Lobby, Inc., All U.S. 
242 (1986); Celotex Corp. v. Catrett, All U.S. 317, 325-26 (1986); Scripps Clinic & Research Foundation v. 
Genentech, Inc., 927 F.2d 1565, 1571, 18 USPQ2d 1001, 1005 (Fed. Cir. 1991). The movant's burden is to show that 
no fact material to the issue is in dispute, that even if all material factual inferences are drawn in favor of the 
non-movant the movant is entitled to judgment as a matter of law. Id. Summary judgment is as available in patent 
cases as in other areas of litigation. Chore-Time Equipment, Inc. v. Cumberland Corp., 713 F.2d 774, 778-79, 218 
USPQ 673, 675 (Fed. Cir. 1983) 

The purpose of the summary process is to avoid a clearly unnecessary trial, Matsushita Elec. Industrial Co. v. Zenith 

Copyright 2004, The Bureau of National Affairs, Inc. Reproduction or redistribution, in whole or in part, and in any form, without 
express written permission, is prohibited except as permitted by the BNA Copyright Policy. 
http://www.bna.eom/corp/index.html#V 3 



Intellectual Property Library 



ISSN 1526-8535 



Radio Corp., 475 U.S. 574, 587 (1986); it is not designed to substitute lawyers 1 advocacy for evidence, or affidavits 
for examination before the fact- finder, when there is a genuine issue for trial As stated in Adickes v. S.H. Kress & 
Co., 398 U.S. 144, 176 (1970) (Black, J., concurring), f, [t]he right to confront, cross-examine and impeach adverse 
witnesses is one of the most fundamental rights sought to be preserved by the Seventh Amendment". See also Poller 
v. Columbia Broadcasting System, Inc., 368 U.S. 464, 473 (1962). 

[1] While facilitating the disposition of legally meritless suits, when summary judgment is improvidently granted 
the effect is to prolong litigation and increase its burdens. This is of particular concern in patent disputes, where the 
patent property is a wasting asset, and justice is ill served by delay in final resolution. In the case at bar, although 
some issues could be resolved on the law and undisputed facts, other issues require trial. 

The Patented Invention 

The '324 patent, entitled "Ribbed Bottom Structure for Plastic Container", inventors Suppayan M. Krishnakumar, 
Siegfried S. Roy, John F. E. Pocock, Salil K. Das, and Gautam K. Mahajan, is directed to a plastic bottle whose 
bottom structure has sufficient flexibility to impart improved impact resistance, combined with sufficient rigidity to 
resist deformation under internal pressure. The patented bottle is said to provide a superior combination of these 
properties. The bottom structure is illustrated as follows: 
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Fig. 2 




Claim 1 is the broadest claim of the 324 patent: 

1. A container having a sidewall and a bottom structure closing the container at an end portion of the sidewall, 
the outer surface of the bottom structure comprising a central concavity, 

a convex heel surrounding the concavity and merging therewith and with the sidewall end portion, the lowermost 
points of the heel lying in a common plane, 

and a plurality of ribs interrupting the outer surface of the concavity and distributed in a symmetrical array, 
each rib extending longitudinally in the direction of the heel and downwardly from an inner portion of the concavity, 
whereby the outer end portion of each rib is lower than the inner end portion thereof, 
characterized by the feature that the ribs are hollow. 

Claims 2 through 5 include additional limitations, described as contributing to the structure's rigidity, flexibility, or 
both. Claim 2 specifies the ratios of thickness of the walls of the bottom structure to the thickness of the sidewall end 
portions. Claims 3 specifies that the margins of each rib merge smoothly with adjacent portions of the bottom 
structure. Claim 4 specifies that each rib is convex relative to the bottom structure. Claim 5 specifies that each rib is 
of fusiform (a gently tapered shape at the ends) configuration. Each claim carries an independent presumption of 
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validity, 35 U.S.C. § 282, and stands or falls independent of the other claims. Altoona Publix Theatres, Inc. v. 
American Tri-Ergon Corp., 294 U.S. 477, 487 [ 24 USPQ 308 ] (1935). 

Continental brought suit for patent infringement against Monsanto Company and Monsanto f s successor in this 
business, Hoover Universal, Inc. and Hoover's parent company, Johnson Controls (collectively "Monsanto"). 
Monsanto moved for partial summary judgment based on issues of validity under 35 U.S.C. §§ 102 and 103. 



The statutory requirement that a patented invention be "new" is tested in accordance with 35 U.S.C. § 102(a), which 
provides that: 

§ 102. A person shall be entitled to a patent unless- 

(a) the invention was known or used by others in this country, or patented or described in a printed publication in this 
or a foreign country, before the invention thereof by the applicant for patent.... 

The district court found that all the claims of the '324 patent were anticipated by U.S. Patent No. 3,468,443 (the 
Marcus patent). We conclude that the district court erred in claim interpretation, and also found disputed facts 
adversely to the nonmovant, thus inappropriately deciding the issue summarily. 

[2] Anticipation under § 102(a) requires that the identical invention that is claimed was previously known to others 
and thus is not new. Scripps Clinic, 927 F.2d at 1576, 18 USPQ2d at 1010; Titanium Metals Corp. of Am. v. Banner, 
778 F.2d 775, 780, 227 USPQ 773, 777-78 (Fed. Cir. 1985); Lindemann Maschinenfabrik GmbH v. American Hoist 
and Derrick Co., 730 F.2d 1452, 1458, 221 USPQ 481, 485 (Fed. Cir. 1984). When more than one reference is 
required to establish unpatentability of the claimed invention anticipation under § 102 can not be found, and validity 
is determined in terms of § 103. 

It was Monsanto's burden to show that every element of the several claims of the '324 patent was identically 
described in the asserted anticipating reference, the Marcus patent. The district court focused on the term 
"characterized by the feature that the ribs are hollow", which limits all of the '324 patent claims. Continental argues 
that the district court incorrectly construed this term, as a matter of law, and that the Marcus patent shows ribs that 
are not hollow, as that term is used in the f 324 patent. Continental also points to other differences between the 324 
claims and the description in the Marcus patent. 

The Marcus patent rib structure is illustrated in Figure 5 and in cross-section in Figure 6: 



The Marcus patent does not state that its ribs are "hollow", or use a similar term. Continental's witnesses testified by 
deposition that the Marcus patent shows solid, not hollow, ribs. A witness (Adomaitis) had stated in an internal 
memorandum written at Continental in 1969, well before this litigation arose, that "the ribs of their [Marcus'] web 
can be made of solid beams only." Another witness, '324 co-inventor Pocock, testified that: 
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It seems evident to me that he [Marcus] was trying to produce some kind of container integrity by the production of 
essentially solid ribs on the bottom of the bottle. It seems to go to great length here to illustrate them as such. 
Krishnakumar, another co-inventor, testified that it "is very obvious the ribs are shown solid", and that Figures 5 and 
6 as well as Figures 7 through 12 of the Marcus patent all show solid ribs. However, Marcus, testifying for Monsanto, 
testified that his ribs were hollow, and that conventional blow molding would inherently produce hollow ribs. 
The district court defined "hollow" as meaning that "the inside contour of the ribs generally follows the outside 
contour thereof, a definition on which the parties agreed. Continental 1 1 USPQ2d at 1764. See the court's opinion, 
1 1 USPQ2d at 1764-68, for various sketches made by the witnesses. Continental states that the district court erred in 
construing "hollow", and that the phrase "characterized by the feature that the ribs are hollow" must be construed in 
terms of the patent in which it appears. See, e.g., Tandon Corp. v. United States Int'l Trade Comm'n, 831 F.2d 1017, 
1021, 4 USPQ2d 1283, 1286 (Fed. Cir. 1987). The '324 patent explicitly distinguished the Marcus teachings, stating 
that the '324 ribs are, unlike Marcus, not filled with plastic. The 324 specification uses the term "hollow", as do the 
prosecution history and the claims, for this purpose. The '324 patent's usage of "hollow" is illustrated in rib 
cross-section in Figure 5 A: 

Fig. 5A 




The Marcus patent's rib structure thus was explicitly differentiated by the term "hollow" as used in the '324 
specification, drawings, and prosecution history. Since the claim term must be construed as used by the patentee, the 
district court erred in its construction of the '324 claim term "hollow". On correct claim construction, the factual 
question of anticipation must be decided. 

Monsanto's argument is that hollow ribs were inherently produced by Marcus. Monsanto thus argues that 
anticipation lies because the Marcus patent's ribs are "inherently" hollow, regardless of how they are shown in the 
Marcus patent. Monsanto argues that because the Marcus ribs are formed by injection blow molding, which is the 
same process described for the Conobase '324 ribs, hollow ribs are inherently disclosed in the Marcus patent. 
To serve as an anticipation when the reference is silent about the asserted inherent characteristic, such gap in the 
reference may be filled with recourse to extrinsic evidence. Such evidence must make clear that the missing 
descriptive matter is necessarily present in the thing described in the reference, and that it would be so recognized by 
persons of ordinary skill. In re Oelrich, 666 F.2d 578, 581, 212 USPQ 323, 326 (CCPA 1981) (quoting Hansgirg v. 
Kemmer, 102 F.2d 212, 214, 40 USPQ 665, 667 (CCPA 1939)) provides: 

Inherency, however may not be established by probabilities or possibilities. The mere fact that a certain thing may 
result from a given set of circumstances is not sufficient. [Citations omitted.] If, however, the disclosure is sufficient 
to show that the natural result flowing from the operation as taught would result in the performance of the questioned 
function, it seems to be well settled that the disclosure should be regarded as sufficient. 

This modest flexibility in the rule that "anticipation" requires that every element of the claims appear in a single 
reference accommodates situations where the common knowledge of technologists is not recorded in the reference; 
that is, where technological 
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facts are known to those in the field of the invention, albeit not known to judges. It is not, however, a substitute for 
determination of patentability in terms of § 103. 
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[3] Continental does not dispute the applicability of the injection blow molding process. However, Continental 
disputes the material of fact of whether this process necessarily produced "hollow" ribs in the Marcus base structure, 
as the term "hollow" is used in the '324 patent. Resolution of this disputed fact adversely to Continental was 
improper on summary judgment. The grant of summary judgment of anticipation under § 102(a) is vacated. The 
issue requires trial. 

II 

35 U.S.C.§ 102(b) 

The district court also held that the Marcus bottle was on sale, 35 U.S.C. § 102(b). Section 102(b) bars entitlement to 
a patent when: 

(b) the invention was ... in public use or on sale in this country, more than one year prior to the date of the application 
for patent in the United States.... 

The Marcus bottle was developed some ten years before the filing date of the '324 patent, during a project wherein 
Marcus 1 employer, Admiral Plastics or APL Corporation, entered into agreements with the Coca-Cola Company for 
the development of a suitable plastic bottle. The agreements provided that Admiral Plastics would make and 
Coca-Cola would test the bottles, and that if a satisfactory bottle was developed it would be manufactured by 
Admiral and purchased by Coca-Cola. Minimum commercial quantities and maximum commercial prices were 
stated in an agreement, and costs were a matter of discussion. Admiral produced a variety of bottle shapes, including 
the Marcus bottle. The project was terminated after about two years, because the "mechanical performance" 
requirements were not met as Coca-Cola wrote at the time. 

[4] The district court reasoned that this project "called for the eventual marketing of the Marcus bottles once all 
technical difficulties were resolved", Continental 1 1 USPQ2d at 1766, and on this basis held that the Marcus bottles 
were on sale. This holding was in error, for the "on sale" bar of § 102(b) does not arise simply because the intended 
customer was participating in development and testing. See Great Northern Corp. v. Davis Core & Pad Co., 782 
F.2d 159, 164-65, 228 USPQ 356, 358 (Fed. Cir. 1986). In Baker Oil Tools, Inc. v. Geo Vann, Inc., 828 F.2d 1558, 
1563-65, 4 USPQ2D 1210, 1213-15 (Fed. Cir. 1987), this court summarized various factors pertinent to the "on sale" 
bar when there is an issue concerning the relationship between the patentee and the customer: for example, whether 
there was a need for testing by other than the patentee; the amount of control exercised; the stage of development of 
the invention; whether payments were made and the basis thereof; whether confidentiality was required; and whether 
technological changes were made. All of the circumstances attending the relationship must be considered in light of 
the public policy underlying § 102(b). UMC Electronics Co. v. United States, 816 F.2d 647, 656, 2 USPQ2d 1465, 
1471-72 (Fed. Cir. 1987), cert denied, 484 U.S. 1025 (1988). 

The district court acknowledged that all technical difficulties were not resolved and that no sales were ever made. 
Although Admiral Plastics 1 hope was surely commercial sales, and the record shows that prices and quantities were 
discussed, this does not of itself place the subject matter "on sale" in the sense of § 102(b). The Marcus bottle was 
part of a terminated development project that never bore commercial fruit and was cloaked in confidentiality. While 
the line is not always bright between development and being on sale, see generally UMC Electronics, supra, in this 
case the line was not crossed. The "on sale" bar is measured by "the time the public came into possession of the 
invention", id. at 655, 2 USPQ2d at 1471 (quoting In re Foster, 343 F.2d 980, 987-88, 145 USPQ 166, 173 (CCPA 
1965), cert, denied, 383 U.S. 966 [ 149 USPQ 906 ] (1966) ("What starts the period running is clearly the availability 
of the invention to the public through the categories of disclosure enumerated in 102(b). ..." (emphasis in original))). 
We conclude that the district court erred in holding that the circumstances that here existed placed the Marcus bottles 
"on sale" in terms of § 1 02(b). We therefore reverse and direct that on remand judgment on this issue shall be entered 
in favor of Continental, as a matter of law. 

Ill 
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35U.S.C.§103 

Obviousness, 35 U.S.C. § 103, is reviewed as a legal conclusion based upon underlying facts of four general 
categories, viz. the scope and content of the prior art, the differences between the prior art and the claimed invention, 
the level of ordinary skill at the time the invention was made, and any objective considerations that may be present. 
Gra 
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ham v. John Deere Co., 383 U.S. 1, 17 [ 148 USPQ 459 ] (1966); Interconnect Planning Corp. v. Feil, 114 R2d 1 132, 
1137-38, 227 USPQ 543, 547 (Fed. Cir. 1985). 

[5] The parties agreed that the scope and content of the prior art was adequately represented by four references: the 
Marcus patent discussed in Part I ante f a patent to Colombo (U.S. Patent No. 3,403,804), and two patents owned by 
Continental, U.S. Patent No. 3,598,270 (the Petaloid patent), and No, 3,935,955 (the Decaloid patent). They agreed 
on little else. In granting summary judgment of invalidity for obviousness, the district court found certain disputed 
material facts and misapplied certain precepts of law. We conclude that the issue was not amenable to summary 
resolution. Although it is not entirely clear how the references were combined by the court, we shall review the 
references briefly, in order to explain our conclusion. 

The Petaloid Patent 

The district court referred to the deposition testimony of Siegfried Roy, one of the co-inventors of the '324 patent, 
that the Petaloid base, inverted, was similar to the Conobase. Continental points out that neither Roy nor any other 
deponent suggested that the Petaloid base could be or should be inverted, or that inversion would provide an 
improved base structure. In In re Gordon, 733 F.2d 900, 902, 221 USPQ 1 125, 1 127 (Fed. Cir. 1984) this court held 
that although a prior art device could have been turned upside down, that did not make the modification obvious 
unless the prior art fairly suggested the desirability of turning the device upside down. 

Continental points out that the Petaloid description differs in several other ways from the f 324 invention. In the 324 
structure the outer end of each rib is lower than the inner end, whereas in the Petaloid structure the outer ends of the 
ribs are higher than the inner ends; that is, the ribs in the Petaloid base extend upward from the center to the sidewall. 
The Petaloid bottle is supported on feet extending between the ribs, such feet being the locations for stress 
concentrations. The following drawing is from the Petaloid patent: 

Fig. 3 




Continental states that the '324 Conobase is not only different, but avoids the stress concentrations of the Petaloid 
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device, thus enhancing impact resistance. Monsanto argues that Continental simply used the Petaloid hollow ribs in 
combination with the Marcus patent. This requires determination of whether there was something in the prior art as 
a whole to suggest the desirability, and thus the obviousness, of making the combination, in a way that would 
produce the '324 structure. See, e.g., Uniroyal, Inc. v. Rudkin-Wiley Corp., 837 F.2d 1044, 1051, 5 USPQ2d 1434, 
1438 (Fed. Cir.), cert, denied, 488 U.S. 825 (1988). Continental argues that it is not apparent, even with hindsight, 
how any combination of the Petaloid and Marcus patents or other references lead to the '324 base. The Petaloid 
patent shows concave ribs that extend all the way to the sidewall, while the Marcus ribs extend "from the heel" 
toward an annular central ring. The Petaloid base has wide, petal-like, open ribs, while Marcus shows narrow, 
beam-like ribs. The deposition testimony was in conflict as to the inferences drawn from the references. 
On this disputed issue, drawing reasonable inferences in favor of the non-movant, it has not been established that one 
skilled in the art would be motivated to select and combine features from each source in order to make the ! 324 base. 
Interconnect Planning, 11 A F.2d at 1 143, 227 USPQ at 551 ("When prior art references require selective 
combination by the court to render obvious a subsequent invention, there must be some reason for the combination 
other than the hindsight gleaned from the invention itself). 

The Decaloid Patent 

The district court also referred to combination of the Decaloid base with the Marcus base. The Decaloid base has ten 
hollow ribs that extend to the sidewall, and ten feet between the ribs: 
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Fig. 2 




Monsanto does not explain, and we can not discern, how the combination with Marcus would have led a person of 
ordinary skill to the '324 base. The court's summary holding of obviousness based on these references, separately or 
in combination, can not be sustained. 

The Colombo Patent 

The Colombo base, like the Petaloid and Decaloid bases, has hollow ribs that extend to the sidewall, in a still 
different structure from that of Marcus and also from that of the '324 patent. Colombo describes his ribs as inverted 
U-shapes, concave, located on the outer surface of the central concavity: 

Fig. 4 



Fig. 4 
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Again, drawing reasonable factual inferences in favor of Continental, and in the absence of any suggestion or 
motivation in the prior art as a whole to make a selective combination of the Colombo and Marcus structures along 
with other changes needed to obtain the '324 structure, summary judgment of obviousness was inappropriate. 
The district court found that there was no substantial difference between the '324 invention and the combined 
teachings of the prior art: 

As obviousness can be established on the basis of the combined teachings of references, we think it is clear that 
simple enhancements of existing prior art, i.e., inverting the '270 petaloid base, do not constitute a substantial 
difference between the subject matter claimed in the '324 patent and that of the prior art. Thus, the facts of this case 
reveal no substantial difference between 324 and the prior art. Continental, 1 1 USPQ2d at 1769 (citation omitted). 
However, as we have discussed, the criterion of § 103 is not whether the differences from the prior art are "simple 
enhancements", but whether it would have been obvious to make the claimed structure. 

Objective Indicia 

The district court concluded that the structure in suit is simply a variation on known themes. It is in such 
circumstance that the objective indicia - the so-called secondary considerations - are most useful to the 
decision-maker. The significance of a new structure is often better measured in the marketplace than in the 
courtroom. 

[6] Thus when differences that may appear technologically minor nonetheless have a practical impact, particularly 
in a crowded field, the decision-maker must consider the obviousness of the new structure in this light. Such 
objective indicia as commercial success, or filling an existing need, illuminate the technological and commercial 
environment of the inventor, and aid in understanding the state of the art at the time the invention was made. See In 
re Piasecki, 745 F.2d 1468, 1475, 223 USPQ 785, 790 (Fed. Cir. 1984) (secondary considerations "often establish 
that an invention appearing to have been obvious in light of the prior art was not" (quoting Stratoflex, Inc. v. 
Aeroquip Corp., 713 F.2d 1530, 1538-39, 218 USPQ 871, 879 (Fed. Cir. 1983))). 

Continental licensed the '324 counterpart Japanese patent to a Japanese company, Yoshino, that we are told had been 
unable to develop a plastic bottle for hot- fill applications. A witness for Toyo Seikan, another Japanese licensee, 
testified that the Conobase "sustains itself in higher temperatures, and it does not cause buckling after you fill [the 
bottle]", as compared with previously available plastic bottles. Continental asserts that Monsanto had been unable to 
develop a satisfactory bottle for hot-fill applications, and had therefore obtained this technology from Yoshino. 
[7] The district court acknowledged the commercial success of the Conobase, but stated that "we are not convinced 
that the conobase alone accounts for any of the success." 1 1 USPQ2d at 1770 (emphasis in original). The court 
suggested that the commercial success in Japan was due to the market strength of the Japanese licensees, and held 
that there is no nexus between the merits of the product and its commercial success. It is not necessary, however, that 
the patented invention be solely responsible for the commercial success, in order for this 
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factor to be given weight appropriate to the evidence, along with other pertinent factors. See generally Demaco Corp. 
v. F. Von Langsdorff Licensing Ltd., 851 F.2d 1387, 1392-94, 7 USPQ2d 1222, 1226-28 (Fed. Cir.), cert, denied, 
488 U.S. 956 (1988); Rosemount, Inc. v. Beckman Instruments, Inc., 727 F.2d 1540, 1546, 221 USPQ 1, 7 (Fed. Cir. 
1984). Monsanto also states that the Conobase is different from the 324 invention, so that even were the Conobase 
successful, this does not inure to the benefit of the '324 patent. It is apparent that the factual issues surrounding the 
objective indicia were disputed, and material. 

In view of the material facts requiring resolution, the issue of obviousness was not properly decided on motion for 
summary judgment. We vacate the grant based on 35 U.S.C. § 103, and remand for trial of this issue and the other 
issues remaining in the case. 

Costs 
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Costs in favor of Continental. 

REVERSED IN PART, VACATED IN PART, and REMANDED 

Footnotes 

Footnote 1. Continental Can Co, USA v. Monsanto Co., 11 USPQ2d 1761 (S.D. Ohio 1989), reconsid. denied, No. 
C-l-86-1213 (S.D. Ohio Nov. 9, 1989). 

-End of Case - 
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